TE 

662 

.A3 

no. 

FHHA- 

RD- 

76-125J 


Report  No.  FHWA-RD-76-125 


URBAN  TRAFFIC  CONTROL  SYST 

ADAPTIVE  NETWORK  SIGNAL  TIMING  PROGRAM 


Vol.1.  Overview  Description;  Narrative  Description 
and  Flow  Charts  of  TANSTP  Routines 


Sf*ns  o* 


August  1976 
Final  Report 


This  document  is  available  to  the  public 
through  the  National  Technical   Information 
Service,  Springfield,  Virginia    22161 


Prepared  for 

FEDERAL  HIGHWAY  ADMINISTRATION 
Offices  of  Research  &  Development 
Washington,  D.C.  20590 


NOTICE 


This  document  is  disseminated  under  the  sponsorship 
of  the  Department  of  Transportation  in  the  interest  of  infor- 
mation exchange.   The  United  States  Government  assumes 
no  liability  for  its  contents  or  use  thereof. 

The  contents  of  this  report  reflect  the  views  of  De  Leuw, 
Cather  &  Company  which  is  responsible  for  the  facts  and  the 
accuracy  of  the  data  presented  herein.   The  contents  do  not 
necessarily  reflect  the  official  views  or  policy  of  the  Depart- 
ment of  Transportation.   This  report  does  not  constitute  a 
standard,  specification,  or  regulation. 

The  United  States  Government  does  not  endorse  products 
or  manufacturers .   Trade  or  manufacturers '  names  appear 
herein  only  because  they  are  considered  essential  to  the 
object  of  this  document. 

The  report,  in  three  volumes,  is  being  distributed  with 
five  copies  for  each  regional  office,  two  copies  for  each 
division,  and  two  copies  for  each  State  highway  or  transporta- 
tion department.   Direct  distribution  is  being  made  to  the 
division  offices  with  sufficient  copies  to  provide  two  for 
each  State  highway  department  so  that  the  division  offices  may 
make  the  distribution  to  the  cognizant  State  officials. 

A  limited  number  of  additional  copies  of  this  report 
are  available  for  official  use  and  may  be  requested  from 
Dr.  W.  W.  Wolman,  Chief,  Traffic  Systems  Division,  FHWA,  HRS-33, 
Washington,  D.  C.   20590.   These  requests  will  be  filled  while 
the  supply  lasts.   Additional  copies  for  the  public  are  avail- 
able from  the  National  Technical  Information  Service,  Department 
of  Commerce,  5285  Port  Royal  Road,  Springfield,  Virginia  22161. 
A  small  charge  will  be  imposed  for  each  copy  ordered  from  NTIS. 


1.     Report  No. 

FHWA-RD-76-125 


2.     Government   Accession  No. 


4.   Title  and  Subtitle    Urban  Traffic  Control  System  Traffic 
Adaptive  Network  Signal  Timing  Program 
Volume    I.     Overview  Description;  Narrative 
Description  and  Flow  Charts  of  TANSTP  Routines 

7.     Author'sf 


R.    W.    Kessmann 


V.     Performing  Organizotion   Nome   and   Address 

De  Leuw,    Cather  &  .Company- 
Suite  604 

1110  NASA  Road  One 
Houston,    Texas    77058 


12.     Sponsoring   Agency  Name   and   Address 

Office  of  Research  and  Deve 
Federal  Highway  Administration 
U.  S.    Department  of  Transportation 
Washington,    D.  C.      20590 


TECHNICAL  RCPORT  STANDARD  TITLE  PAGE 
3.      Recipient's   Cotolog  No. 


5.     Report   Date 

August  197  6 


6.     Performing  Organization   Code 


8.     Performing  Organization   Report  No. 


10.      Work    Unit   No. 

FCP-3  2B2-012 

II-      C ontfoct   or   Grant  No. 

DOT-  FH- 11-7594 

13.      Type  of  Report  and  Period  Covered 

Final  Report 


'*•     Sponsoring  Agency  Code 


15.     Supplementary  Notes 

FHWA  Contract  Manager:    Harry  Lum  (HRS-33) 


16.      Abstroct 

This  document  describes  the  Traffic  Adaptive  Network  Signal  Timing  Program 
(TANSTP)  of  the  Urban  Traffic  Control  System.      TANSTP  is  a  second  generation 
traffic  control  package  wherein  optimal  traffic  signal  timing  patterns  are  generated 
on-line  as  a  function  of  current  and  predicted  traffic  flow  conditions  to  minimize 
average  network  vehicle  delay.     In  addition  to  the  network  optimization  routine,    the 
package  includes  a  traffic  flow  predictor,    real-time  subnetwork  determination  rou- 
tine,   a  subnetwork  interfacing  routine,    a  transition  optimization  routine,    and  a  local 
intersection  optimization  routine  which  adjusts  splits  and  offsets  to  minimize  delay 
on  a  cycle  by  cycle  basis.      The  TANSTP  package  uses  the  executive  structure,    the 
detector  processing,    and  the  controller  command  software  of  the  first  generation, 
UTCS  software. 

The  report  is  contained  in  three  volumes  as  follows: 

Volume   1.     Overview  Description;  Narrative  Description  and  Flow  Charts  of 

TANSTP  Routines 
Volume  2.     Data  Base  Interface  and  Support  Subroutines;  Modified  First  Generation 

Routines 
Volume  3.     UTCS/TANSTP  Data  Base  and  Data  Base  Update  Procedures;  Offline 

Support  Programs;  System  Operating  Procedures 


17.  Key  Words  Signal  System  Optimization, 
Real  Time  Traffic  Control  Systems, 
Traffic  Responsive  Control  Systems, 
Traffic  Control  Algorithms ,    Network 
Signal  Systems,    Second  Generation 
Traffic  Control  Software 


18.     Distribution   Stotement 


No  restrictions.      This  document  is  avail- 
able to  the  public  through  the  National 
Technical  Information  Service, 
Springfield,    Virginia    2216.1 


19.     Security  Clossif.   (of  this   report) 

Unclassified 


20.     Security  Clossif.  (c!  this  poge) 

Unclassified 


21.   No.  of  Poges 

289 


22.     Pr 


Form  DOT  F  1700.7  (s-69) 


CONTENTS 

VOLUME  1  Page 

1.  INTRODUCTION ' 1 

2.  OVERVIEW  DESCRIPTION  OF  THE  UTCS/TANSTP 
SOFTWARE  SYSTEM 4 

2.  1       Design  Requirements  and  Features  of  UTCS/TANSTP 

SOFTWARE  SYSTEM ' 4 

2.  2      Overview  of  the  UTCS/TANSTP  Software  and 

Description  of  Interface  Between  the  First  and  Second 

Generation  Software 5 

2.  3      UTCS/TANSTP  Routines  and  Subroutines;  Functions 

and  Computer  Resource  Requirements 10 

2.  4      Organization  of  UTCS  CPU  Functions 25 

2.  5       Priority  Interrupt  System   .  . 25 

2.  6       UTCS/TANSTP  Software  File  Organization 28 

2.  7       UTCS/TANSTP  Overlay  Structure 28 

3.  NARRATIVE  DESCRIPTION  AND  FLOW  CHARTS  OF 

TANSTP  ROUTINES 32 

3.  1       Routine  MACRO 37 

3.  1.  1            Purpose 37 

3.  1.  2           Method 37 

3.  1.  3            Cross  Reference 38 

3.  2      Routine  RTN5 51 

3.  2.  1            Purpose 51 

3.  2.  2           Method 51 

3.  2.  3            Cross  Reference 52 

3.  3       Routine  PREDICT.  . 59 

3.  3.  1            Purpose ' 59 

3.  3.  2           Method 59 

3.  3.  3            Cross  Reference 62 

3.  4       Routine  RTSND 7  5 

3.  4.  1            Purpose 75 

3.  4.  2           Method 7  5 

3.  4.  3            Cross  Reference 81 

3.  5       Routine  LSTSQS 141 

3.  5.  1            Purpose 141 

3.  5.  2           Method 141 

3.  5.  3            Cross  Reference 147 


li 


CONTENTS  (Continued) 

Page 

3.  6       Routine  INTFC '......  185 

3.  6.  1            Purpose 185 

3.  6.  2           Method 185 

3.  6.  3            Cross  Reference    ..." 187 

3.  7       Routine  TRNPAR 206 

3.  7.  1            Purpose 206 

3.  7.  2           Method 206 

3.  7.  3            Cross  Reference 207 

3.  8       Routine  LOCAL 221 

3.  8.  1            Purpose 221 

3.  8.  2            Method 221 

3.  8.  3            Cross  Reference 225 

VOLUME'2 

4.       DATA  BASE  INTERFACE  AND  SUPPORT  SUBROUTINES  ...  1 

4.  1       SUBRT1  File  Subroutines 6 

4.  1.  1            Subroutine  PERI05  (Cycle  Length  Modulo)   .   .  7 

4.  1.  1.  1       Purpose 7 

4.  1.  1.  2       Calling  Sequence 7 

4.1.1.3       Method 7 

4.  1.  1.  4       Cross  Reference 7 

4.  1.  2  Subroutine  LLGTHF  (Load  Link  Length, 

Phase  Code,    and  Weight) 9 

4.  1.  2.  1       Purpose 9 

4.  1.  2.  2       Calling  Sequence 9 

4.  1.  2.  3       Method 9 

4.  1.  2.  4       Cross  Reference 9 

4.  2       SUBRT2  File  Subroutines 11 

4.  2.  1            Subroutine  GOMTRY  (Link  Geometry) 12 

4.  2.  1.  1       Purpose 12 

4.  2.  1.  2       Calling  Sequence 12 

4.  2.  1.  3       Method 13 

4.  2.  1.  4       Cross  Reference 13 

4.  2.  2  Subroutine  GSPLEL  (Get  Time-of-Day 

Split  for  LOCAL) 28 

4.  2.  2.  1       Purpose 28 

4.  2.  2.  2       Calling  Sequence 28 

4.  2.  2.  3       Method 28 

4.  2.  2.  4       Cross  Reference 28 


in 


CONTENTS  (Continued! 


Page 


4.  2.  3  Subroutine  GSPLWL  (Get  Working  Split 

for  LOCAL) .  3  0 

4.  2.  3.  1       Purpose 30 

4.  2.  3.  2       Calling  Sequence 3  0 

4.  2.  3.  3       Method , 30 

4.  2.  3.  4       Cross  Reference 30 

4.  2.4  Subroutine  LDMOE  (Load  Measures  of 

Effectiveness  Data) 32 

4.  2.4.  1       Purpose 3  2 

4.  2.4.  2       Calling  Sequence 32 

4.  2.  4.  3       Method 32 

4.2.4.4       Cross  Reference 32 

4.  2.  5           Subroutine  PKWRK  (Pack  Working  Offsets).  .  34 

4.  2.  5.  1       Purpose 34 

4.  2.  5.  2       Calling  Sequence 34 

4.  2.  5.  3       Method 34 

4.  2.  5.  4       Cross  Reference 34 

4.  2.  6  Subroutine  SPLPKL  (Split  Pack  from 

LOCAL) 36 

4.  2.  6.  1       Purpose 36 

4.  2.  6.  2       Calling  Sequence 36 

4.  2.  6.  3       Method 36 

4.  2. 6.  4       Cross  Reference 36 

4.  2.  7  Subroutine  UNPAK  (Unpack  Controller 

Phasing  Data) 38 

4.  2.  7.  1       Purpose 38 

4.  2.  7.  2       Calling  Sequence 38 

4.  2.  7.  3       Method 39 

4.  2.  7.  4       Cross  Reference 39 

4.  2.  8           Subroutine  UNPK1    (Unpack  Link  Data) 43 

4.  2.  8.  1       Purpose 43 

4.  2.  8.  2       Calling  Sequence 43 

4.  2.  8.  3       Method 44 

4.  2.  8.  4       Cross  Reference 44 

4.  2.  9           Subroutine  WORK  (Working  Offset  Unpack)  .  .  48 

4.  2. 9.  1       Purpose 48 

4.  2.  9.  2       Calling  Sequence 48 

4.  2.  9.  3       Method 48 

4.2.9.4       Cross  Reference 48 


IV 


CONTENTS  (Continued) 

Page 

4.  3       SUBRT3  File  Subroutines ' 50 

4.  3.  1  Subroutine  CORRECT   (Idealized  Offset 

Corrections) 51 

4.  3.  1.  1       Purpose 51 

4.  3.  1.  2       Calling  Sequence 51 

4.3.1.3  Method 51 

4.3.1.4  Cross  Reference 56 

4.  3.  2           Subroutine  DELDAT  (Obtain  Delay  Data).  ...  64 

4.  3.  2.  1       Purpose 64 

4.  3.  2.  2       Calling  Sequence 64 

4.  3.  2.  3       Method 64 

4.3.2.4       Cross  Reference 64 

4.  3.  3            Subroutine  FMODE  (Determine  Mode) 68 

4.  3.  3.  1       Purpose 68 

4.  3.  3.  2       Calling  Sequence 68 

4.  3.  3.  3       Method 68 

4.3.3.4       Cross  Reference 68 

4.  3.  4  Subroutine  IOCHK  (Check  on  I/O  in 

Progress) 70 

4.3.4.  1       Purpose 70 

4.  3.4.  2       Calling  Sequence 70 

4.3.4.3  Method 7  0 

4.3.4.4  Cross  Reference 70 

4.  3.  5  Subroutine  LOADAT  (Load  Traffic 

Responsive  Pattern  Data) 72 

4.  3.  5.  1       Purpose 72 

4.  3.  5.  2       Calling  Sequence 7  2 

4.3.5.3  Method 72 

4.  3.  5.  4       Cross  Reference 72 

4.  3.  6  Subroutine  PATGENT   (Pattern  Data 

Generation) 97 

4.  3.  6.  1       Purpose 97 

4.  3.6.  2       Calling  Sequence 97 

4.  3.  6.  3      Method 97 

4.3.6.4  Cross  Reference 98 

4.  3.7            Subroutine  SHTDWN  (Shutdown) 124 

4.  3.  7.  1       Purpose 124 

4.  3.  7.  2       Calling  Sequence 124 

4.  3.  7.  3       Method 124 

4.  3.  7.  4       Cross  Reference 124 


CONTENTS  (Continued) 

Page 

4.  3.  8           Subroutine  SMINT   (Sum  Intervals).  '. 126 

4.  3.  8.  1       Purpose 126 

4.3.8.  2       Calling  Sequence 126 

4.  3.  8.  3       Method 126 

4.  3.  8.  4       Cross  Reference 126 

4.  4       RTN5F  File  Subroutines 130 

4.4.  1  Subroutine  LDMOE5  (Load  Measures  of 

Effectiveness  for  Level  5) 131 

4.4.  1.  1       Purpose 131 

4.4.  1.  2       Calling  Sequence 131 

4.4.1.3  Method 131 

4. 4.  1.  4       Cross  Reference 131 

4.4.2           Subroutine  LINKD  (Subnetwork  Mapping).  .  .  .  134 

4.  4.  2.  1       Purpose 134 

4.  4.  2.  2       Calling  Sequence 134 

4.  4.  2.  3      Method 134 

4.4.2.4  Cross  Reference 134 

4.  4.  3  Subroutine  RTNFT   (TANSTP  Surveillance 

Computations) 142 

4.4.3.  1       Purpose 142 

4.4.3.  2       Calling  Sequence 142 

4.  4.  3.  3       Method 142 

4.4.3.4       Cross  Reference 142 

4.  5       PREDICT  File  Subroutines 150 

4.  5.  1  Subroutine  BUFFEROUT /BUFFERIN 

(Write  or  Retrieve  RAD  Data) 151 

4.  5.  1.  1       Purpose 151 

4.  5.  1.  2       Calling  Sequence 151 

4.5.1.3       Method 151 

4.  5.  1.4       Cross  Reference 152 

4.  5.  2  Subroutine  PRPRED  (Print  Predictor 

Statistics) 155 

4.  5.  2.  1       Purpose 155 

4.  5.  2.  2       Calling  Sequence 155 

4.  5.  2.  3       Method 155 

4.  5.  2.  4       Cross  Reference 156 


VI 


CONTENTS  (Continued) 

Page 

4.  6       RTSND  File  Subroutines ' 163 

4. ,6.  1  Subroutine  GETSFLT   (Got  Split  >  .........         164 

4.  6.  1.  1  Purpose 164 

4.6.  1.  2  Calling  Sequerce 164 

4.  6.  1.  3  Metbod 164 

4.6.  1.4  Cross  Reference 164 

4.  6.  2  Subroutine  GSACBC  (Get  Sum  of  Fixer! 

Intervals  in  O'-erlappinc  Pbases) 166 

4.  6.  2.  1  Purpose 166 

4.  6.  2.  2  Calling  Sequence 166 

4.  6.  2.  3  Method 166 

4.6.2.4  Cross  R.^ierence 166 

4.  6.  3            Subroutine  GTSMT  (Get  Sum  of  Fixed 
Intervals  not  Part  of  A-,    B-,    C- Phase 
Green) 168 

4.  6.  3.  1  Purpose 

4.  6.  3.  2  Calling  Sequence 

4.  6.  3.  3  Method 

4.6.3.4  Cross  Reference 

4.  6.4  Subroutine  IRTN  (Map  Core  Groups) 

4.  6.  4.  1  Purpose 

4.  6.  4.  2  Calling  Sequence 

4.  6.  4.  3  Method 

4.6.4.4  Cross  Reference 

4.  6.  5  Subroutine  LNKFL  (Link  Failure) 

4.  6.  5.  1  Purpose 

4.  6.  5.  2  Calling  Sequence 

4.  6.  5.  3  Method 

4.  6.  5.  4  Cross  Reference 

4.  6.  6  Subroutine  LPHASV  (Load  Link  Phasing 

for  Volumes) 17  5 

4.  6.  6.  1  Purpose 17  5 

4.  6.  6.  2  Calling  Sequence 17  5 

4.  6.  6.  3  Method  ..." 176 

4.6.6.4  Cross  Reference 176 

4.  6.  7  Subroutine  SMSCYL  (Return  Sums  of  Fixed 
Intervals  in  Phase  and  Entry  and  Time-of- 
Day  Cycle  Length) 181 

4.6.7.  1  Purpose 181 

4.6.7.  2  Calling  Sequence 181 

4.  6.  7.  3  Method 181 

4.6.7.4  Cross  Reference 181 

vii 


168 

168 

168 

168 

170 

170 

170 

170 

170 

173 

173 

173 

173 

173 

CONTENTS  (Continued) 

Page 

4.  6.  8           Subroutine  SPLPK  (Pack  Splits)    ...'......  183 

4.  6.  8.  1       Purpose 183 

4.  6.  8.  2       Calling  Sequence 183 

4.  6.  8.  3       Method 183 

4.6.8.4       Cross  Reference 183 

4.  6.  9  Subroutine  SPLTWP  (Pack  Time- of- Day 

Split) 18  5 

4.  6.  9.  1       Purpose 185 

4.  6.  9.  2       Calling  Sequence 185 

4.  6.  9.  3      Method 185 

4.6.9.4       Cross  Reference 185 

4.  6.  10         Subroutine  TOFAZE  (Allocate  Green  Time 

to  Two  Phases) 187 

4.  6.  10.  1     Purpose 187 

4.  6.  10.  2    Calling  Sequence 187 

4.6.10.3    Method 187 

4.6.  10.4    Cross  Reference 187 

4.  7       INTFC  File  Subroutines 189 

4.  7.  1            Subroutine  ENTCYCL  (Entry  Cycle) 190 

4.  7.  1.  1       Purpose 190 

4.  7.  1.  2       Calling  Sequence 190 

4.  7.  1.  3       Method 190 

4.7.  1.4       Cross  Reference 190 

4.  7.  2           Subroutine  GETCYCLC  (Get  Cycle) 192 

4.  7.  2.  1       Purpose 192 

4.  7.  2.  2       Calling  Sequence 192 

4.  7.  2.  3       Method 192 

4.7.2.4       Cross  Reference 192 

4.  7.  3            Subroutine  GETEO  (Get  Entry  Offset) 194 

4.  7.  3.  1       Purpose 194 

4.  7.  3.  2       Calling  Sequence 194 

4.  7.  3.  3       Method 194 

4.7.3.4       Cross  Reference 194 

4.7.4           Subroutine  GETEOFF  (Get  Entry  Offset).  ...  196 

4.7.4.  1       Purpose 196 

4.7.4.  2       Calling  Sequence 196 

4.  7.4.  3       Method 196 

4.7.4.4       Cross  Reference 196 


Vlll 


CONTENTS  (Continued) 

Page 

4.  7.  5           Subroutine  GETINT  (Get  Intersections) 198 

4.  7.  5.  1       Purpose 198 

4.  7.  5.  2       Calling  Sequence 198 

4.  7.  5.  3       Method 198 

4.7.5.4       Cross  Reference 198 

4.  7.  6           Subroutine  GETWORK  (Get  Working  Offset).  .  200 

4.  7.  6.  1       Purpose 200 

4.  7.  6.  2       Calling  Sequence 200 

4.  7.  6.  3       Method 200 

4.7.6.4       Cross  Reference 200 

4.  7.  7  Subroutine  LKCROS  (Link  Cross 

Reference) 202 

4.7.7.  1       Purpose  .  ' 202 

4.7.7.  2       Calling  Sequence 202 

4.  7.  7.  3       Method 202 

4.7.7.4       Cross  Reference 202 

4.  7.  8            Subroutine  MACA   (Major  Entry  Array) 204 

4.  7.  8.  1       Purpose 204 

4.  7.  8.  2       Calling  Sequence 204 

4.  7.  8.  3       Method 204 

4.7.8.4       Cross  Reference 204 

4.7.  9            Subroutine  PAKF  (Pack  Transition  Flags).  .  .  206 

4.  7.  9.  1       Purpose 206 

4.  7.  9.  2       Calling  Sequence 206 

4.  7.  9.  3       Method 206 

4.7.9.4       Cross  Reference 206 

4.  7.  10         Subroutine  PUTEOFF  (Put  Entry  Offset).   ...  208 

4.  7.  10.  1     Purpose 208 

4.  7.  1  0.  2    Calling  Sequence 208 

4.  7.  1  0.  3    Method 208 

4.  7.  10.  4     Cross  Reference 208 

4.  8       LOCAL  File  Subroutines 210 

4.  8.  1            Subroutine  PERIOD  (Modulo  Routine) 211 

4.  8.  1.  1       Purpose 21 1 

4.  8.  1.  2       Calling  Sequence 211 

4.  8.  1.  3       Method 211 

4.  8.  1.  4       Cross  Reference 21  1 


IX 


CONTENTS  (Continued) 

Page 

4.  8.  2  Subroutine  TOFAZ  1   (Compute  Split  fbr  Two 

Controller  Phases  ) .  213 

4.8.2.  1       Purpose 213 

4.  8.  2.  2       Calling  Sequence 213 

4.8.2.3       Method 213 

4.  8.  2.  4       Cross  Reference 213 

MODIFIED  FIRST  GENERATION  ROUTINES 215 

5.  1       Routine  A  (RTNA  -   UTCS  Executive) 217 

5.  1.  1  Purpose 217 

5.  1.  2  Discussion  of  Modifications 217 

5.  2       Routine  C  (RTNC  -  Once  Per  Vehicle) 230 

5.  2.  1  Purpose ' 23  0 

5.  2.  2  Discussion  of  Modifications 230 

5.  3       Routine  H  (RTNH  -   Fifteen- Minute  Performance  and 

Status  Report) 233 

5.  3.  1  Purpose 233 

5.  3.  2  Discussion  of  Modifications 233 

5.4       Routine  I  (RTNI  -   End-of-Day  Report) 238 

5.  4.  1  Purpose 238 

5.  4.  2  Discussion  of  Modifications 238 

5.  5       Routine  K  (RTNK  -    CRT  Formatting) 239 

5.  5.  1  Purpose 23  9 

5.  5.  2  Discussion  of  Modifications 239 

5.  6       Routine  M  (RTNM  -  Manual  Control  Panel) 243 

5.  6.  1  Purpose  . 243 

5.  6.  2  Discussion  of  Modifications 243 

5.  7       Routine  Q  (RTNQ  -  Shutdown) 245 

5.  7.  1  Purpose 245 

5.  7.  2  Discussion  of  Modifications 245 

5.  8       Routine  S  (RTNS  -   Controller  Transition 

Computations) 248 

5.  8.  1  Purpose 248 

5.  8.  2  Discussion  of  Modifications 248 

5.  9       Routine  T  (RTNT  -   Interval  Advance  Routine) 249 

5.  9.  1  Purpose 249 

5.  9.  2  Discussion  of  Modifications 249 


x 


CONTENTS  (Continued) 


Page 


5.  10    Routine  V  (RTNV  -    Critical  Intersection 

Computations) .  .         25  0 

5.  10.  1         Purpose 250 

5.  10.  2         Discussion  of  Modifications 250 

5.  11     Routine  W  (RTNW  -    Controller  Parameter  Selection)  .  .         259 

5.  11.  1  Purpose  .  . 259 

5.  11.2         Discussion  of  Modifications 259 

5.  12    Routine  X  (RTNX  -   Semiactuated  Controller 

Computations) 271 

5.  12.  1  Purpose 27  1 

5.  12.2         Discussion  of  Modifications 271 

5.  13    Routine  Y  (RTNY  -   Start- Up)  ., 27  2 

5.  13.  1         Purpose 272 

5.  13.  2         Discussion  of  Modifications 27  2 

VOLUME  3 
6.       DESCRIPTION  OF  UTCS/TANSTP  DATA  BASE  AND  DATA 

BASE  UPDATE  PROCEDURES 1 

6.  1       Definition  of  Data  Base  Parameters 1 

6.  2  Basic  Elements  of  UTCS/TANSTP  Data  Base  and 
Graphical  Representation  of  UTCS/TANSTP  Data 
Base  for  Washington,    D.  C.  ,    UTCS  Network 121 

6.  2.  1  Controllers 

6.  2.  2  Detectors 

6.  2.  3  First  Generation  Links 

6.  2.4  Second  Generation  Links 

6.  2.  5  Groups 

6.  2.  6  Sections 

6.  2.  7  Subnetwork  Interface 

6.  2.  7.  1       Group  Interfaces 

6.  2.  7.  2       Section  Interfaces 

6.  2.  8  Graphical  Representation  of  UTCS/ 

TANSTP  Data  Base  for  Washington,  D.  C.  , 
UTCS  Network 

6.  3       UTCS/TANSTP  Data  Base  Update  Procedures 

6.  3.  1  Procedures   for  Adding  a  First  Generation 

Link 132 

6.  3.  2  Procedures   for  Adding  a  Second  Generation 

Link 137 

6.  3.  3  Procedures   for  Adding  a  Controller 139 

6.  3.4  Procedures  for  Changing  Group  Assignment 

for  a  Controller 142 


XI 


121 

121 

121 

122 

122 

122 

123 

123 

123 

124 

131 

CONTENTS  (Concluded) 

Page 

6.  3.  5  Procedures  for  Changing  Section 

Assignment  for  a  Controller .  143 

7.  OFF-LINE  SUPPORT  PROGRAMS 144 

7.  1       PATGEN  Program 144 

7.  1.  1            PATGEN  Program  Data  Arrays 145 

7.  2      Surveillance  Data  Dump  Program 146 

7.  3       Predictor  File  Initialization  Program 146 

7.  4       Predictor  Parameter  Generation  Program  (PARAM)    .  .  147 

7.  5       Binary  Save  Deck 178 

7.  6       Software  System  Link  and  Load  Deck 17  8 

8.  UTCS/TANSTP  SYSTEM  OPERATING  PROCEDURES  AND 
SOFTWARE  SYSTEM  UPDATE  PROCEDURES 180 

8.  1       UTCS/TANSTP  System  Operating  Procedures 180 

8.  2      UTCS/TANSTP  Software  System  Update  Procedures.  .  .  182 

8.  2.  1  Procedure  to  Update  File  Contained  on 

Cards 182 

8.  2.  2  Procedure  to  Update  File  Contained  on 

Compressed  Source  Tape  (File  UTCS) 182 

8.  2.  3  Procedure  to  Update  Pattern  Data  Via 

PATGEN 183 

8.  2.  4  Procedure  to  Initialize  Predictor  Data 

Files 183 

REFERENCES 184 


XII 


ILLUSTRATIONS 

Page 
VOLUME   1 

1  Overview  of  TANSTP  Optimization  Software ' 6 

2  Overview  of  Integrated  UTCS /TANSTP  Software  System  ....  8 

3  UTCS /TANSTP  Software;  Overview  Flow  of  Signal  Time 

Keeping  Data 11 

4  UTCS /TANSTP  Software  System  Overlay  Structure 31 

5  Routine  MACRO 39 

6  Routine  RTN5 53 

7  Routine  PREDICT 63 

8  Routine  RTSND 82 

9  Simple  Network  Demonstrating  Continuity  Links 144 

10  Descriptors  L,   M,    N,   O  for  Link  Connecting  Node  M  to 

Node  N 145 

1 1  Routine  LSTSQS 148 

12  Routine  INTFC 188 

13  Routine  TRNPAR 208 

14  LOCAL  Intersection  Algorithm  Link  and  Intersection 
Numbering  Scheme 223 

1 5  Routine  LOCAL 227 

VOLUME   2 

16  Subroutine  PERI05 8 

17  Subroutine  LLGTHF 10 

18  Subroutine  GOMTRY 14 

19  Subroutine  GSPLEL 29 

20  Subroutine  GSPLWL 31 

21  Subroutine  LDMOE 33 

22  Subroutine  PKWRK 35 


xiii 


ILLUSTRATIONS  (Continued) 

Page 

23  Subroutine  SPLPKL 37 

24  Subroutine  UNPAK 40 

25  Subroutine  UNPK1 45 

26  Subroutine  WORK 49 

27  Subroutine  CORRECT 57 

28  Subroutine  DELDAT 6  5 

29  Subroutine  FMODE 69 

3  0  Subroutine  IOCHK .- 71 

31  Subroutine  LOADAT 73 

32  UTCS  Controller  Types;  Pictorial  Representation  of 

Controller  Parameters 99 

33  Subroutine  PATGENT 102 

34  Subroutine  SHTDWN 125 

3  5  Subroutine  SMINT 127 

36  Subroutine  LDMOE5 13  2 

37  Subroutine  LINKD 13  5 

38  Tape  Buffer  Format 143 

39  Subroutine  RTNFT • 144 

40  Subroutine  BUFFEROUT/BUFFERIN 153 

41  Subroutine  PRPRED 157 

42  Sample  Printout  -  Predictor  Shutdown  Report 162 

43  Subroutine  GETSPLT 165 

44  Subroutine  GSACBC 167 

45  Subroutine  GTSMT 169 

46  Subroutine  IRTN 171 


xiv 


ILLUSTRATIONS  (Continued  I 

Papc 

47  Subroutine  LNKFL ' 174 

48  Subroutine  LPHASV 

49  Subroutine  SMSCYL 

5  0      Subroutine  SPLPK 

51  Subroutine  5PLTv»r": . 

52  Subroutine  TOFAZE 

53  Subroutine  ENTCYCL 

54  Subroutine  GETCYCLC 

55  Subroutine  GETEO 

56  Subroutine  GETEOFF 

57  Subroutine  GETINT 

58  Subroutine  GETWORK 

5Q      Subroutine  LKCRCS 

6  0      Subroutine  MACA 

61  Subroutine  PAKF .... 

62  Subroutine  PUTEOFF 

63  Subroutine  PERIOD 

64  Subroutine  TOFAZ1 ' 

65  Routine  A 

66  Routine  C 

67  Routine  H 

68  TANSTP  Traffic  Signal  Timing  Report 

69  UTCS/TANSTP  Intersection  Status  Display  Format 

7  0     UTCS/TANSTP  System  Status  Display  Format 


XV 


177 

182 

184 

186 

188 

19  j 

1^3 

195 

197 

199 

201 

203 

20  5 

207 

2CQ 

212 

214 

218 

231 

234 

23  5 

24  0 

242 

ILLUSTRATIONS  (Concluded) 

Page 

7 1      Routine  Q .' 246 

7  2      Routine  V 251 

73  Routine  W 261 

74  Routine  Y 273 

VOLUME  3 

75  Controllers  and  Links  in  UTCS  Network  Group  1 125 

7  6      Controllers  and  Links  in  UTCS  Network  Group  2 ,       126 

77  Controllers  and  Links  in  UTCS  Network  Group  3 127 

78  Controllers  and  Links  in  UTCS  Network  Group  4 128 

79  Controllers  and  Links  in  UTCS  Network  Group  5 129 

80  Controllers  and  Links  in  UTCS  Network  Group  6 130 

81  Parameter  Generation  Program  -   Hierarchy  of  Subroutines.  .  148 

8  2      Program  PARAM 151 

83  Subroutine  FORIER 156 

84  Subroutine  MLTREG 157 

8  5      Subroutine  BETA 159 

86  Subroutine  GAMMA 160 

87  Subroutine  MEAN 161 

88  Subroutine  MEMSET 162 

89  Subroutine  MEMSTI 163 


xvi 


TABLES 

VOLUME    1 
1.        Functions  of  UTCS/TANSTP  MACRO  and  MICRO  Loops    . 


Page 


2.  UTCS/TANSTP  R.outines  and  Subroutines;  Functions, 
Priority  Level,    Programming  Language,    and  Core 

Storage  Requirements 12 

3.  Sigma  5  Interrupt  Structure  (External  Group  2) 26 

4.  UTCS/TANSTP  Interrupt  Triggering  Structure 27 

5.  UTCS/TANSTP  File  Names  and  Functions 29 

6.  Routines /Subroutines  in  Each  File  and  Form  of  Source 

Input 30 

7.  MACRO  Loop  Optimization  Decision  Logic 34 

8.  Definition  of  Variable  Names  Used  in  Routine  MACRO   ....  44 

9.  Definition  of  Variable  Names  Used  in  RTN5 57 

10.  Definition  of  Variable  Names  Used  in  PREDICT.   . 71 

11.  Washington,    D.  C.    UTCS  Network;  Instrumented 

Controllers  in  Each  Group 78 

12.  Routine  RTSND  Split  Change  Decision  Logic 80 

13.  Definition  of  Variable  Names  Used  in  Routine  RTSND 129 

14.  Definition  of  Variable  Names  Used  in  Routine  LSTSQS    ....  174 

15.  Definition  of  Variable  Names  Used  in  Routine  INTFC 201 

16.  Definition  of  Variable  Names  Used  in  Routine  TRNPAR.  ...  218 

17.  LOCAL  Control  Decision  Logic 222 

18.  Definition  of  Variable  Names  Used  in  Routine  LOCAL 263 

VOLUME   2 

19.  Index  to  UTCS/TANSTP  Subroutines 2 

20.  Definition  of  Link  Phasing  Codes  and  Link  Delay  Function 

as  Function  of  Code 52 

21.  Linear  Transformations  as  a  Function  of  Controller  Type 
for  Obtaining  B-  and  C- Phase  Offsets  as  Function  of 

A- Phase  Offset 54 


xvii 


TABLES  (Concluded! 


Page 


22.  Definition  of  Variable  Names  Used  in  Sxibroutine  PRPRED.  .  160 

VOLUME  3 

23.  '  UTCS/TANSTP  Data  Base  Index 3 

24.  First  Generation,    UTCS,   Static  Arrays 22 

25.  Second  Generation,    TANSTP,    Static  Arrays 38 

26.  First  Generation,   UTCS,   Dynamic  Arrays 48 

27.  Second  Generation,    TANSTP,    Dynamic  Arrays 102 

28.  COMMON  Blocks  in  UTCS/TANSTP  Software 118 

29.  Off- Line  Support  Programs  and  Form  of  Source 144 

30.  Input  Data  Formats  -   Program  PARAM 164 

31.  Definition  of  Variable  Names  Used  in  Program  PARAM   ...  165 
3  2.        Definition  of  Variable  Names  Used  in  Subroutine  FORIER  .   .  169 

33.  Definition  of  Variable  Names  Used  in 

Subroutine  MLTREG 171 

34.  Definition  of  Variable  Names  Used  in  Subroutines  BETA 

and  GAMMA 173 

35.  Definition  of  Variable  Names  Used  in  Subroutine  MEAN  .  .  .  1 75 

36.  Definition  of  Variable  Names  Used  in 

Subroutine  MEMSET 176 

37.  Definition  of  Variable  Names  Used  in  Subroutine  MEMST1.  .  177 


xvm 


1.     INTRODUCTION 


This  document  describes  the  Urban  Traffic  Control  System/Traffic 
Adaptive  Network  Signal  Timing  Program  Software  System.      This  traffic 
control  software  package  has  been  incorporated  into  the  Federal  Highway 
Administration's   (FHWA)  Urban  Traffic  Control  System  (UTCS)  in 
Washington,    D.  C.      The  development  and  integration  of  the  Traffic  Adaptive 
Network  Signal  Timing  Program  (TANSTP)  was  performed  under  Contract 
FH- 11-7594. 

The  UTCS  program  is  a  research  and  development  effort  of  FHWA's 
Office  of  Research,    Traffic  Systems  Division.      The  program  includes  a 
set  of  interrelated  activities  directed  toward  improved  traffic  signal  sys- 
tem control  in  urban  networks.     The  goal  of  the  program  is  to  provide 
advanced  operational  systems  which  can  be  applied  to  produce  improve- 
ments in  traffic  flow.     The  UTCS  program  comprises  several  projects 
designed  to  progress  toward  the  desired  goal.     Work  has  been  done  in  sys- 
tems analysis,    simulation  modeling,    and  control  system  design.     The  main 
thrust  has  been  development  of  an  instrumented  surveillance  and  control 
network  for  testing,    evaluating,    and  refining  real-time  computer  control 
methods. 

The  original  UTCS  network,   located  in  northwest  Washington,    D.  C.  , 
consists  of  114   signalized  intersections.      The  UTCS  System  utilizes  two 
XDS  Sigma  5  central  processing  units  and  has  a  total  of  64K  words  of  stor- 
age.    Traffic  characteristics  in  the  area  are  measured  by  approximately 
500  sensors. 

The  TANSTP  software  package  is  a  second  generation,    on-line,   traf- 
fic adaptive  system  wherein  traffic  signal  timing  patterns  are  computed  as 
a  function  of  current  and  predicted  traffic  conditions  to  minimize  traffic 
delay  in  the  UTCS  network. 

The  second  generation  software  package  uses  the  executive  structure, 
the  surveillance  computation  techniques,    and  the  command  software  of  the 
first  generation  package  which  was  installed  in  the  original  UTCS  system. 

The  first  generation  software  utilized  pre- computed  traffic  signal 
timing  plans   for  all  computer  control  modes  of  operation.      These  modes 
are  Manual,    Time-of-Day,    and  Traffic  Responsive.     Major  advancements 
of  the  second  generation  software  are  as  follows: 

1)       Signal  timing  patterns  are  generated  on-line,    in  real 
time  to  accommodate  the  traffic  flow  characteristics 
in  the  signalized  network.      Traffic  signal  control 
parameters  of  cycle  length,    split,    and  offset  are 
optimized  to  minimize  vehicle  delay  in  the  traffic 
signal  network. 


2)  Predictions  of  the  traffic  flowparameters  volume  and 
speed  are  used  as  input  to  the  traffic  signal  optimiza- 
tion scheme.      These  predictions  are  based  upon  his- 
torical traffic  flow  characteristics  and  the  current 
prevailing  traffic  flow  conditions  measured  by  the 
UTCS  surveillance  system. 

3)  Intersections  are  grouped  dynamically  into  subnet- 
works based  upon  predicted  vehicle  demand  at  each 
intersection. 

4)  Second  generation  tactical  control  of  individual  inter- 
sections provides  for  both  split  and  offset  optimiza- 
tion once  per  signal  cycle.     First  generation  control 
provides  for  only  split  computations  once  per  signal  , 
cycle. 

This  document  is  divided  into  eight  sections.     Section  2  contains  an 
overview  of  the  entire  UTCS/TANSTP  software  system.      Included  is  a 
description  of  the  requirements,    and  features  of  the  second  generation 
software,    a  description  of  the  interface  between  the  first  and  second  gen- 
eration software,    and  a  functional  description  of  the  major  routines  in  the 
software  system.     Also  included  is  a  description  of  the  executive  structure 
of  the  software  system,    UTCS/TANSTP  file  organization,    and  overlay 
structure. 

Section  3  provides  a  detailed  description  of  each  of  the  second  gen- 
eration software  routines.      The  purpose  of  each  of  the  routines  is  given 
and  the  methodology  employed  by  each  is  described.      Detailed  flow  charts 
and  variable  name  definitions  are  given  for  each  routine. 

Section  4  includes  a  description  of  subroutines  which  were  con- 
structed to  interface  the  second  generation  software  with  the  packed  data 
base.      The  purpose,    method,    calling  sequence,    and  flow  charts  are  given 
for  each. 

Included  in  Section  5  is  a  detailed  description  of  the  modifications 
made  to  the  first  generation  routines  to  support  the  second  generation 
package.      Flow  charts  of  the  modified  routines  are  given. 

Section  6  contains  definitions  of  all  variables  in  the  UTCS/TANSTP 
data  base.     Procedures  for  updating  the  data  base  to  account  for  adding  or 
deleting  detectors  or  controllers  from  the  signalized  network  are  also 
provided. 

Section  7  describes  the  off-line  programs  required  to  support  the 
UTCS/TANSTP  software  package. 


Finally,   Section  8  provides  System  Operating  Procedures  and  pro- 
cedures to  modify  any  portion  of  the  software  system. 

It  should  be  pointed  out  here,    that  this  document  does  not  include  a 
detailed  discussion  of  the  first  generation  software  routines.     These  are 
documented  in  Reference  4.     The  reader  should  review  Reference  4  before 
reading  the  contents  of  this  document  in  order  to  have  a  most  clear  under- 
standing of  the  material  presented,    herewith. 


OVERVIEW  DESCRIPTION  OF  THE  UTCS/TANSTP 
SOFTWARE  SYSTEM. 


2.  1    DESIGN  REQUIREMENTS  AND  FEATURES  OF  UTCS/TANSTP 
SOFTWARE  SYSTEM 

The  requirements  and  constraints  upon  which  the  UTCS/TANSTP 
was  designed  are  as  follows: 

1)  The  second  generation  TANSTP  software  system  should 
use  the  basic  executive,    surveillance,    controller  time 
keeping,    and  man-machine  functions  of  the  UTCS  first 
generation  software  and  hardware. 

2)  The  second  generation  software  should  compute  traffic 
signal  timing  patterns  on-line,    in  real  time  to  optimize 
traffic  flow. 

3)  Execution  time  required  to  compute  these  patterns 
must  not  be  excessive  in  order  that  quick  response  to 
rapidly  changing  traffic  conditions  may  be  achieved. 

4)  The  system  should  adapt  to  localized,    short-term 
fluctuations  in  traffic;  however,   this  adaption  should 
be  performed  within  the  progression  constraints 
imposed  by  Item  2). 

5)  New  signal  patterns  must  be  implemented  in  a  non- 
disruptive  manner. 

To  meet  the  above  requirements  and  constraints,   the  UTCS  first 
generation  software  was  modified  to  support  the  capabilities  of  TANSTP 
second  generation  software.     In  this  process,   the  features  and  functions 
of  the  original  UTCS  first  generation  system  have  been  retained  in  the 
integrated  UTCS/TANSTP  system.     This  capability  includes  provision  for 
selecting  prestored  traffic  signal  timing  patterns  through  the  manual  or 
time-of-day  selection  mode.      The  on-line  pattern  generation  capability  of 
the  TANSTP  software  is  activated  through  selecting  the  traffic  responsive 
mode  of  the  UTCS/TANSTP  system.      Enhancements  to  the  first  generation 
software  portion  of  the  system  include  the  capability  to  print  a  hardcopy 
report  giving  the  cycle  length,    offset,    and  split  for  each  controller  in  the 
system. 

To  further  meet  the  above  requirements,    the  UTCS/TANSTP  system 
was  designed  to  include  a  multilevel  control  approach.      The  use  of  multi- 
level control  permits  the  complexity  of  the  control  algorithm  used  to  be 
tailored  to  the  situation  at  hand.      For  example,    at  one  extreme,    marked 


changes  in  traffic  characteristics  will  necessitate  reoptimization.      The 
algorithm  to  perform  this  reoptimization  is  relatively  complex  and  time 
consuming.     At  the  other  extreme,    difficulties  caused  by  relatively  small, 
short-term  fluctuations  at  a  given  intersection  can,    in  general,    be  handled 
with  simple  algorithms  which  require  little  computational 'time. 

Multilevel  control  is  provided  by  MACRO  and  MICRO  loops  which  in 
turn  provide  strategic  and  tactical  optimization  respectively,      The  MACRO 
loop  is  entered  once  each  5  minutes  and  optimizes   signal  settings  for  an 
entire  subnetwork.     Signal  patterns   for  the  entire  UTCS  network  are  com- 
puted in  less  than  2  minutes.     The  MICRO  loop  is  entered  once  each  signal 
cycle  and  optimizes  signal  settings  based  on  current  traffic  conditions  at 
that  intersection.      The  functions  of  each  loop  are  depicted  in  Figure   1  and 
are  listed  in  Table   1. 

The  MACRO  loop  includes  the  capability  to  partition  the  total  sig- 
nalized network  into  subnetworks  to  be  optimized  by  the  strategic  optimi- 
zation logic.     Two  advantages  are  gained  from  partitioning  the  network 
into  subnetworks.      First,    due  to  street  geometry  and  traffic  conditions, 
an  optimal  solution  for  a  very  large  grid  would  tend  to  disperse  delay  over 
the  entire  network  due  to  the  averaging  process  inherent  in  the  algorithm. 
Thus,    delay  in  any  given  subgroup  would  be  larger  than  if  the  subgroup 
were  considered  independently.     Second,   the  execution  time  of  the  network 
optimization  routine  is  nonlinear  with  respect  to  the  number  of  links  and 
intersections  to  be  optimized.      Thus,    for  a  large  number  of  links,    it  is 
more  efficient  from  a  computer  resources  standpoint  to  process  the  inter- 
sections and  links   in  several  groups  rather  than  all  in  one  group.     As  a 
result  of  employing  these  procedures,    the  entire  Washington,    D.  C.    UTCS 
signalized  network  of  114  intersections   is  optimized  in  less  than  2  minutes. 

2.  2  OVERVIEW  OF  THE  UTCS/TANSTP  SOFTWARE  AND  DESCRIPTION 
OF  INTERFACE  BETWEEN  THE  FIRST  AND  SECOND  GENERATION 
SOFTWARE 

The  first  generation  software  is  organized  such  that  the  routines  are 
assigned  to  one  of  the  four  priority  levels.      Discussion  of  these  priorities 
and  method  of  activation  is  given  in  Sections   2.  4  and  2.  5,    respectively. 
To  facilitate  the  integration  of  the  second  generation,    TANSTP  software 
into  the  UTCS  system  an  additional  priority  level  was  added.     This  level 
was  assigned  a  priority  level  of  5  and  comprises  the  TANSTP  MACRO  loop 
control  routines.     The  TANSTP  MICRO  loop  was  integrated  as  part  of  the 
first  generation  Priority  Level  2,    controller-oriented  software.     An  over- 
view of  the  integrated  UTCS/TANSTP  software  system  is  given  in 
Figure  2.     As  shown  in  this  figure,    Priority  Level   1  routines  embody  those 
functions  which  are  directly  associated  with  the  measurement  of  vehicular 
traffic  and  executive  control. 

The  Priority  Level  2  routines  are  primarily  those  associated  with 
controller  commands,    error  checking,    and  data  evaluation.      Central  to 
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the  Priority  Level  2  functions  are  a  sequence  of  routines  performed  for 
each  controller.     These  routines  provide  the  required  functions  for 
sequencing  the  controller  through  its  cycle,    placing  it  on  or  off-line  as 
desired,    and  adjusting  split  and  offset  in  accordance  with  traffic  volumes 
or  operator  commands.     Other  Level  2  routines  provide  error  checking 
for  each  controller,    controller  cycle  time  keeping,    data  computation,    and 
the  operation  of  semiactuated  controllers. 

The  Priority  Level  3  routines  provide  the  display  and  operator  inter- 
face functions.     Those  data  evaluation  functions  for  which  time  is  not  crit- 
ical are  also  performed  by  Priority  Level  3  routines.      Each  routine  is 
called  by  the  Level  3  portion  of  the  Executive  Routine  and  returns  to  the 
Level  3  portion  of  the  Executive  Routine  when  it  is  completed. 

The  Priority  Level  4  routine  (not  shown)  updates  the  CRT  status 
pages. 

The  Priority  Level  5  routines  embody  the  major  functions  of  the 
Traffic  Adaptive  Network  Signal  Timing  Program.     These  routines  provide 
for  traffic  prediction,    subnetwork  determination,    signal  timing  computa- 
tion to  optimize  network  flow,    subnetwork  interfacing,    and  transition 
optimization. 

The  interface  between  the  first  and  second  generation  software  has 
been  designed  to  be  relatively  simple.      To  explain  this  interface,    a  discus- 
sion of  the  method  used  to  control  traffic  signal  timing  sequences  is  in 
order. 

The  method  for  maintaining  traffic  signal  timing  sequences  in  the 
first  generation  system  is  through  the  use  of  interval  duration  arrays. 
These  arrays  contain  the  time  duration  of  every  interval  associated  with 
each  controller.     The  interval  durations  are  comprised  of  fixed  intervals 
and  variable  intervals.      The  variable  intervals  are  used  to  adjust  splits 
and  to  allow  for  controller  transitions  from  one  signal  pattern  to  another. 

Two  sets  of  interval  durations  are  maintained  in  the  first  generation 
software  for  each  controller.      The  working  interval  durations  are  used  in 
the  Priority  Level  2  loop  to  step  each  controller  through  its  proper  timing 
sequence.      That  is,    each  working  interval  in  a  controller  cycle  is  loaded 
in  turn  into  a  "count-down"  register  and  decremented  every  0.  5  second. 
When  the  count-down  register  has  been  decremented  to  zero,    an  advance 
command  is   sent  to  the  controller  to  step  the  controller  camshaft. 
Immediately  thereafter,    the  next  working  interval  is  loaded  into  the  count- 
down register  and  the  process  is  repeated.     The  working  interval  array  is 
loaded  from  the  entry  interval  array  after  a  transition  from  one  signal  pat- 
tern to  another  is   completed. 


The  entry  interval  array  is  loaded  from  the  Rapid  Access  Disc  (RAD) 
when  a  pattern  update  occurs,    either  on  a  time- of- day  basis  or  by  the 
operator  selecting  a  pattern  manually. 

The  second  generation  software  interfaces  with  these  arrays  in  order 
that  the  signals  may  be  controlled.      The  outputs  of  the  Priority  Level  5 
loop  are  offsets,    splits,    and  cycle  lengths  for  each  intersection.     From 
these  outputs  the  variable  interval  durations  are  computed  for  each  con- 
troller.    These  are  obtained  by  first  computing  phase  durations  for  each 
controller  through  use  of  split  and  cycle  length.     The  variable  intervals 
are  then  computed  by  subtracting  the  sum  of  the  fixed  intervals  in  each 
phase  from  the  computed  phase  duration.      The  result  is  the  variable  inter- 
val array.     After  the  processes  have  been  completed  for  all  controllers, 
the  transition  flags  are  set  to  transition  the  controllers  to  the  new  pattern. 

The  outputs  of  the  MICRO  loop  Routine  LOCAL  are  phase  durations. 
Variable  interval  durations  are  computed  from  these  phase  durations  in 
the  same  manner  as  above.     The  resultant  variable  interval  durations  are 
loaded  into  their  proper  locations  in  the  working  interval  array. 

The  net  effect  of  the  above  processes  is  to  vary  the  cycle  lengths, 
offsets,    and  splits  through  use  of  the  variable  intervals.     All  fixed  and 
clearance  intervals  are  maintained  as  a  function  of  the  time-of-day  pat- 
tern read  in  from  the  RAD. 

A  pictorial  representation  of  the  above,  discus  sion  on  the  flow  of  traf- 
fic signal  time  keeping  data  through  the  UTCS/TANSTP  software  is  given 
in  Figure  3.     It  should  be  pointed  out  here,   that  the  TANSTP  MACRO  loop 
is  scheduled  every  5  minutes  regardless  of  the  mode  of  control  which  has 
been  selected  by  the  operator.     If  the  traffic  responsive  flags  are  not  set, 
no  optimization  is  attempted.      If  the  traffic  responsive  flags  are  set  opti- 
mization of  the  traffic  network  signal  timing  proceeds  at  the  next  5-minute 
mark.      These  traffic  responsive  flags  are  set  by  the  controller  parameter 
selection  routine  only  if  the  operator  has  selected  the  traffic  responsive 
mode  of  control. 

2.  3    UTCS/TANSTP  ROUTINES  AND  SUBROUTINES;  FUNCTIONS  AND 
COMPUTER  RESOURCE  REQUIREMENTS 

The  entire  UTCS/TANSTP  system  is  comprised  of  36  routines  and 
46  subroutines.     These  routines  are  assigned  to  one  of  the  five  priority 
levels  discussed  in  the  previous  subsection. 

All  routines  and  subroutines,    their  functions,    priority  level,   pro- 
gramming language,    and  core  storage  requirements  are  listed  in  Table  2. 
The  computer  core  storage  requirements  for  the  entire  UTCS/TANSTP 
software  system  including  the  XEROX  RBM  operating  system,    the  system 
library  routines,   labelled  common,    data  and  program  control  blocks  is 
61,  526  decimal  32-bit  words. 
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2.4    ORGANIZATION  OF  UTCS  CPU  FUNCTIONS 

The  UTCS/TANSTP  computer  routines  are  organized  in  accordance 
with  the  frequency  at  which  various  functions  are  required  to  be  per- 
formed.    The  UTCS  Executive  Routine  controls  the  sequence  by  which 
other  UTCS  cyclical  routines  are  performed  in  accordance  with  predefined 
assignments  of  priority  and  elapsed  time.      Functions  that  are  performed 
32  times-per-second  are  specified  in  routines  that  are  assigned  to  Priority 
Level  1.      Priority  Level  2  routines  are  those  that  are  entered  twice-per- 
second.     All  the  remaining  first  generation  routines  except  the  Start-up 
routines  are  assigned  to  Priority  Level  3.     The  Start-up  routine  is  not 
assigned  to  a  priority  level.     The  CRT  output  routine  is  assigned  to 
Priority  Level  4  and  the  TANSTP  on-line  network  optimization  package  is 
assigned  to  Priority  Level  5. 

The  timing  for  the  UTCS  Executive  Routine  is  controlled  by  an  inter- 
nal clock  which  causes  a  program  interrupt  32  times-per-second.      When 
the  interrupt  occurs,    any  routine  in  progress  is   suspended  and  control  is 
given  to  the  UTCS  Executive  Routine  which  performs  all  multiplexer  (MUX) 
input/output  (I/O),    and  executes  the  UTCS  Level  1   routines.     When  a  half- 
second  mark  is  encountered,   the  UTCS  Executive  Routine  causes  the 
Priority  Level  2  routines  to  be  performed.     At  the  completion  of  Priority 
Level   1  and  (if  on  the  half- second)  Priority  Level  2,   the  UTCS  Executive 
Routine  allows  the  Priority  Level  3  routines  to  be  resumed  from  the  point 
at  which  they  had  been  interrupted.      The  Priority  Level  4  interrupt  is  trig- 
gered every  25  seconds  to  update  the  CRT  status  pages.      The  Priority 
Level  5  interrupt  is  triggered  at  the  frequency  specified  by  the  user 
through  adjusting  the  magnitude  of  the  data  base  parameter  OPTIME. 
(This  parameter  is  currently  set  to   5  minutes.  )     The  Priority  Level  5 
Executive  is  entered  upon  triggering  this  interrupt.      This  executive  deter- 
mines if  Priority  Level  5  processing  is  required.      The  Monitor  allows  the 
lower  level  priority  routines  to  be  resumed  from  the  point  at  which  they 
were  interrupted  by  the  Priority  Level   1  and  2  routines. 

2.  5    PRIORITY  INTERRUPT  SYSTEM 

Twelve  external  interrupts  are  installed  on  the  UTCS  CPU.     A  list- 
ing of  the  present  external  interrupts1  tasks  is  contained  in  Table  3.     In 
addition  to  the  external  interrupts,    an  internal  clock  pulse  decrements  a 
counter  8,000  times-per-second.     When  the  counter  is  decremented  every 
1/32- second  to  zero,    the  Counter  Equals  Zero  interrupt  in  location  X'5A' 
(where  X  signifies  hexadecimal)  is  triggered,    causing  a  portion  of  the 
UTCS  Executive  Routine  to  set  the  counter  to  its  initial  value  of  250  and 
trigger  the  UTCS  Level  1  interrupt.     Note  that  internal  clock  interrupt  in 
location  X'5A'  has  a  higher  priority  than  the  external  interrupts  listed  in 
Table  3. 

The  priority  triggering  structure  of  the  UTCS  CPU  is  shown  in 
Table  4.      Every  1/32-second,    the  Counter  Equals  Zero  internal  clock 
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Table  3.     Sigma  5  Interrupt  Structure  (External  Group  2) 

•     UTCS  CPU 

Location  Function 

X  '60'  Not  used 

'61'  Not  us  ed 

'62'  Level  1   (1 /3  2- second  timing) 

'63'  Level  2  (1 /2- second  timing) 

'64'  Level  3  (other  cyclical  routines) 

'65'  Not  used 


Used  by- 
Monitor 


'66'  CRT  input  (not  used; 

'67'  Output  to  CRT 

'68'  Level  4  (CRT  Output  Routine) 

'69'  Level  5  (TANSTP  MACRO  Loop) 

'6 A'  Not  used 

'6B'  Monitor  Control  Task 
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Table  4.     Priority  Triggering  Structure 


Interrupt  Triggered  by 

UTCS  Level  1  Counter  Equals  Zero  (1 /32- second) 

UTCS  Level  2  UTCS  Executive  Routine 

UTCS  Level  3  UTCS  Executive  Routine 

UTCS  Level  4  Routine  K 

UTCS  Level  5  UTCS  Executive  Routine 

Monitor  Batch  Mode  RBM 
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interrupt  triggers  the  UTCS  Level  1  external  interrupt.     The  UTCS  Level  1 
interrupt  causes  the  UTCS  Executive  Routine  to  transfer  the  required  data 
to  and  from  the  I/O  Multiplexer  and  to  initiate  the  processing  of  the  detec- 
tor inputs.     When   1/2- second  has  elapsed,   the  UTCS  Level  2  and  Level  3 
external  interrupts  are  triggered  by  the  UTCS  Executive  Routine.     The 
Level  2  routines  are  primarily  controller  oriented.     At  the  completion  of 
Level  2,    the   15-minute  report  routine  is  performed  at  Level  3  if  the 
15- minute  flag  is  set.     At  Level  3  the  end- of- day  report  routine  is  also 
performed  if  the  end-of-day  flag  is  set.     After  completion  of  Level  3,   the 
Level  4  external  interrupt  is  triggered  if  there  is  a  CRT  request.     The 
Priority  Level   5  external  interrupt  is  triggered  every  5  minutes  by  the 
Monitor.     The  Priority  Level  5  executive  is  then  entered  to  determine  if 
the  Level  5  routines  should  be  executed.     When  the  Priority  Level  5  rou- 
tines have  completed  execution,   the  Monitor  allows  the  system  to  perform 
batch  processing  or  idle  until  the  next  1/32- second  clock  interrupt. 

2.  6    UTCS/TANSTP  SOFTWARE  FILE  ORGANIZATION 

The  UTCS/TANSTP  Software  System  Is  composed  of  ten  files  which 
reside  in  the  D4  area  on  the  Rapid  Access  Disk.     These  files  and  their 
respective  Relocatable  Object  Modules  are  linked  at  computer  load  time  to 
form  the  real  time  PROGRAM  KESSMANN  which  consists  of  the  UTCS  and 
TANSTP  routines  and  subroutines.     When  updates  are  desired  to  be  made 
to  the  software,    only  those  files  which  contain  the  routines  and  subroutines 
to  be  changed  need  to  be  reassembled.     The  system  link  and  load  pro- 
cedures are  described  in  Section  8.  2  of  this  document. 

The  ten  files  in  the  system  and  the  basic  functions  of  the  routines 
and  subroutines  contained  in  each  are  listed  in  Table  5.      The  routines  and 
subroutines   contained  in  each  file  are  listed  in  Table  6.      Also  shown  on 
this  list  is  the  form  of  the  source  input  for  each  file,    i.  e.  ,    card  or  tape. 

2.  7    UTCS/TANSTP  OVERLAY  STRUCTURE 

To  conserve  on  computer  resources  in  terms  of  core  storage 
required,   the  UTCS/TANSTP  software  has  been  overlayed  such  that  the 
system  contains  one  root  segment  and  four  linked  segments.     The  root  con- 
tains the  Priority  Level   1,    2,    3,    4  functions  and  the  Priority  Level  5 
executive  functions.     The  network  optimization,    real  time  subnetwork 
determination,    prediction,    and  subnetwork  interfacing  functions  of  the 
Priority  Level  5  loop  form  four  segments  which  share  an  overlay  area  in 
core  memory.      The  object  modules  of  these  linked  segments  reside  on  the 
system  Rapid  Access  Disc  in  the  real-time  software  system  and  are  trans- 
ferred into  core  memory  when  the  MACRO  loop  executive  schedules  their 
execution.     Only  one  of  these  segments  can  be  in  core  at  any  given  time. 
The  overlay  structure  is  depicted  graphically  in  Figure  4. 
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Table  5.     UTCS/TANSTP  File  Names  and  Functions 

File  Name  Functions  Performed  by  Routines /Subroutines  in  File 

UTCS  Executive  Services,    Global  Data  Base,    Detector  Processing 

MICRO  Loop  Surveillance  Computations,    Man/Machine 
Functions,    Controller  Command,    Manual,    and  Time-of-Day 
Pattern  Selection 

LOCAL  MICRO  Loop  Optimization  Functions 

SUBRT1  MACRO  Loop  Executive  and  Data  Base 

SUBRT2  MICRO  Loop  Support  Subroutines 

SUBRT3  MACRO  Loop  Optimization  Support  Subroutines 

LSTSQS  MACRO  Loop  Optimization,    (Traffic  Responsive  Pattern 

Generation) 

RTN5F  MACRO  Loop  Surveillance  Computations 

RTSND  Real  Time  Subnetwork  Determination 

PREDICT  Prediction  of  Traffic  Surveillance  Parameters 

INTFC  Subnetwork  Interfacing  and  Transition  Optimization 
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Table  6.     Routines /Subroutines  in  Each  File  and  Form  of  Source  Input 


File  Name 
UTCS 

SUBRT1 

SUBRT2 


SUBRT3 

RTN5F 
PREDICT 

LSQREAL 

RTSND 


INTFC 


LOCAL 


Routines /Subroutines  in  File 

RTNA  through  RTNY   (does  not 
include  RTNV) 


MACRO,    PERI05,    LLGTHF 

RTNV,    WORK,    PKWRK, 
LDMOE,    UNPAK,    UNPK1, 
SPLPKL,    GSPLWL,    GSPLEL, 
GOMTRY 

SHTDWN,    FMODE,    IOCHK, 
DELDAT,    LOADAT,    CORRECT, 
PATGENT,    SMINT 

RTN5,    RTNFT,    LINKD, 
LDMOE5 

PREDICT,    PRPRED, 
BUFFEROUT 

LSTSQS 

RTSND,    TOFAZE,    LNKFL, 
GSACBC,    IRTN,    LPHASV, 
SMSCYL,    GETSPLT,   SPLTWP, 
GTSMT,    SPLPK 

INTFC,    TRNPAR,    GETWORK, 
GETEOFF,    PUTEOFF,    PAKF, 
GETCYCLC,    ENTCYCL, 
GETINT,    GETEO,    MACA, 
LKCROS 

LOCAL,    TOFAZ1,    PERIOD 


Source 

Compressed  mag 
tape  and  card 
update  deck 

Card  deck 

Card  deck 


Card  deck 

Card  deck 

Card  deck 

Card  deck 
Card  deck 


Card  deck 


Card  deck 
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Overlayed  Files 


Root  Files  (Segment  0) 
UTCS,  LOCAL,  RTN5F,  SUBRT  1 ,  SUBRT2,  SUBRT: 


Size:    48,  938  words 


LSQREAL  (Segment   1 


Size:     5,  932  words 


RTSND  (Segment  2) 


Size:     2,  828  words 


PREDICT   (Segment  3 
Size:     3,  922  words 


INTFC  (Segment  4) 


Size:     1,  546  words 


Figure  4.      UTCS/TANSTP  Software  System  Overlay  Structure 
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NARRATIVE  DESCRIPTION  AND  FLOW  CHARTS  OF 
TANSTP  ROUTINES 


This  section  provides  a  detailed  description  of  each  of  the  major  rou- 
tines of  the  TANSTP  second  generation  software  which  have  been  integrated 
into  the  UTCS  first  generation  software  to  form  th^  UTCS /TANSTP  soft- 
ware system.      Routines  included  in  this   section  and  their  major  functions 
are  as  follows: 

Routine  MACRO  -  MACRO  loop  executive 

Routine  RTN5  -  MACRO  loop  surveillance  computations 

Routine  PREDICT  -  Prediction  of  traffic  flow  parameters 

Routine  RTSND  -  Real  time  subnetwork  determination 

Routine  LSTSQS  -  Subnetwork  (-MACRO  loop)  optimization 

Routine  INTFC  -  Subnetwork  interfacing 

Routine  TRNPAR  -  Transition  optimization 

Routine  LOCAL  -  Local  intersection  (MICRO  loop)  optimization 

Included  for  each  routine  is  a  description  of  the  purpose  of  each,    the 
method  whereby  the  purpose  is  achieved,    the  frequency  and  priority  of  exe- 
cution,   and  a  cross  reference  indicating  how  the  execution  of  each  routine 
is  activated.     Also,    included  are  detailed  flow  charts  of  each  routine  and 
definitions  of  all  local  variables  used  in  each. 

A  description  of  the  subroutines  used  by  these  routines  to  access  the 
global  data  base  is  given  in  Section  4.      The  modifications  to  the  UTCS  first 
generation  routines  required  to  support  the  second  generation  routines  are 
given  in  Section  5.      The  global  data  base  used  to  support  the  integrated 
UTCS/TANSTP  software  system  is  described  in  Section  6. 

It  should  be  stated  here  that  all  the  second  generation,    TANSTP, 
Routines  are  coded  in  floating  point  FORTRAN  IV  with  exceptions  of  RTN5 
and  LOCAL.      Routine  RTN5  is  coded  in  fixed  point  assembly  code  (XEROX 
MACRO-SYMBOL)  and  Routine  LOCAL  is  coded  in  fixed  point  FORTRAN  IV 
to  minimize  their  execution  time. 

All  of  the  Routines  described  in  this   section  are  part  of  the  TANSTP 
MACRO  loop  with  the  exception  of  Routine  LOCAL  which  forms  the  TANSTP 
MICRO  loop.     An  overview  of  the  functions  performed  by  each  of  these 
loops  has  been  provided  in  Figure   1. 
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It  should  be  stated  here  that  each  of  the  MACRO  loop  functions  shown 
in  Figure   1  are  done  in  separate  routines  with  the  exception  of  the  optimi- 
zation decision  function  which  is  split  between  Routines  MACRO,    RTSND, 
and  LSTSQS.     The  conditions  under  which  optimization  occurs  are  listed 
in  Table  7.     Given  in  this  table  are  the  various  flagwords  or  parametric 
conditions  that  are  tested  to  determine  if  optimization  should  occur  on  any- 
given  5-minute  pass,    and  the  routine  in  which  the  conditions  are  tested. 
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3.  1     ROUTINE  MACRO 

3.1.1     Purpose 

Routine  MACRO  serves  as  the  executive  for  the  TANSTP  MACRO 
loop.     It  calls  the  Level   5  Surveillance  Routine,    the  Predictor  Routine,    the 
Network  Optimization  Routine,    the  Subnetwork  Interfacing  Routine,    and  the 
Transition  Optimization  Routine. 

3.  1.  2     Method 

Routine  MACRO  is  called  from  the  Executive  Routine  A  upon  trigger- 
ing the  hardware  interrupt  X'69'.      This  interrupt  is  at  Priority  Level  5  in 
the  UTCS /TANSTP  system  and  is  triggered  every  5MINCT  seconds  in 
Routine  A  after  the  Priority  Levels   2  and  3  interrupts  have  been  triggered. 
At  increments  of  5MINCT  seconds,    the  Priority  Level  5  loop  becomes 
active. 

Upon  entry,    check  is  made  on  the  IPASS  flag  to  determine  if  a  sys- 
tem shutdown  is  in  progress.      If  so,   the  routine  is  exited.     If  the  IPASS 
flag  is  not  set,    the  reoptimization  required  flag,    IREOPT,    is  reset  and  a 
call  is  made  to  Subroutine  SHTDWN  to  determine  if  a  Level  5  shutdown' 
sequence  should  begin.     If  so,    the  IPASS  flag  is  set  for  subsequent  entries 
to  the  MACRO  Routine.      In  any  event,    a  call  is  made  to  Subroutine  IOCHK. 
This  subroutine  determines  if  any  input  or  output  (I/O)  operations  are  in 
progress.     If  so,   the  subroutine  is  continually  recalled  until  the  I/O  has 
completed. 

A  call  is  then  made  to  RTN5  to  compute  the  surveillance  parameters 
of  volume,    speed,    and  occupancy  and  to  write  the  Level  5  surveillance 
tape.     A  test  is  then  made  to  determine  if  the  current  pass  through 
R.outine  MACRO  is  the  first  since  the  system  was  started  up.      The  deci- 
sion is  made  through  testing  the  flag,    ICOUNT.      This  flag  is   set  to  zero 
at  system  startup  and  maintains  this  value  until  the  MACRO  Routine  is 
exited.     The  flag  is  set  to  one  at  this  exit  and  maintains  this  value  until  the 
system  is  shutdown.      If  the  flag  is  zero,    it  indicates  that  insufficient  sur- 
veillance data  has  been  collected  for  input  into  the  optimization  algorithm 
and  thus  no  optimization  occurs. 

If  the  current  entry  is  other  than  the  first,  the  PREDICT  Routine  is 
called  to  predict  the  values  of  volume  and  speed  during  the  next  optimiza- 
tion time  period.  If  the  Priority  Level  5  shutdown  procedure  is  to  be  ini- 
tiated (IPASS^O),    the  MACRO  Routine  is  exited. 
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If  shutdown  is  not  to  be  initiated,  a  call  is  made  to  Subroutine  FMODE 
to  determine  if  any  section  of  controllers  is  in  the  Traffic  Responsive  Mode. 
If  not  (K=0),    MACRO  is  exited. 

The  Level  5  Start  Flags   (LEV5SF)  are  tested  to  determine  which  sec- 
tions are  in  the  Traffic  Responsive  Mode.     The  first  generation  Routine  W 
has  been  modified  to  set  and  reset  these  flags.     If  none  is  set,    program 
control  is  returned  to  the  Monitor. 

If  any  of  the  LEV5SF  flags  is  set,    the  LEV5S  array  is  loaded  to  indi- 
cate to  Routine  RTSND  which  intersection  core  groups  should  be  considered 
for  combining  into  subnetworks.      In  addition,   a  test  is  made  to  determine  if 
there  has  been  a  change  since  the  last  5-minute  pass  through  the  program. 
If  a  change  has  occurred,    the  reoptimization  required  flag,    IREOPT,    is  set 
to  indicate  that  different  sections  have  been  selected  for  Traffic  Responsive 
Control  since  the  last  pass  and  hence  reoptimization  of  the  network  should 
occur. 

Routine  MACRO  then  checks  the  flag,   IRADRD,   to  determine  if  a  new 
pattern  has  been  read  into  the  entry  buffers  by  Routine  W.      (Routine  W  has 
been  modified  to  set  this  flag  under  these  conditions.  )    If  so  the  IREOPT 
flag  is   set  indicating  reoptimization  should  occur. 

Routine  RTSND  is  then  called  to  determine  subnetwork  configura- 
tions,   intersection  splits,   and  cycle  lengths. 

Routine  LSTSQS  is  then  called  to  determine  the  offsets  and  cycle 
lengths  which  minimize  delay  in  each  subnetwork. 

Routine  MACRO  then  tests  the  flag  IREOPT  to  determine  if  the  new 
pattern  should  be  implemented.     If  it  is  not  set,    program  control  is 
returned  to  the  Monitor. 

If  the  flag  IREOPT  is  set,    Routines  INTFC  and  TRNPAR  are  called 
to  optimize  the  subnetwork  interfaces  and  to  optimize  the  transition, 
respectively. 

In  any  event,    the  IRADRD  flag  is  reset,   the  ICOUNT  flag  is  set,    and 
control  is  returned  to  the  Monitor. 

A  logic  flow  diagram  of  Routine  MACRO  is  given  in  Figure  5. 
Definitions  of  all  variable  names  used  in  the  code  are  given  in  Table  8. 


3.1.3     Cross  Ref 


erence 


Routine  MACRO  is  called  by  Routine  RTNA  every  5  minutes. 
Routine  MACRO  calls  the  following  Routines:    RTN5,    PREDICT,    RTSND, 
LSTSQS,    INTFC,    and  TRNPAR.      Routine  MACRO  also  calls  the  following 
Subroutines:     FMODE,    IOCHK,    and  SHTDWN. 
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Figure  5.     Routine  MACRO 
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Figure  5.     Routine  MACRO  (Continued) 


40 


tfVSSfl  )  -  0 


IREOPT  *  1 


IS  SECTION  I  IN 
TRAFFIC  RESPONSIVE? 


J- J+  1 

LEV5S(J)  -  I 


YES 


HAS  DIFFERENT  SECTION 
BEEN  PLACED  IN  OR 
DROPPED  FROM  TRAFFIC 
RESPONSIVE.  SINCE 
LAST  PASS? 


LEV5^0)-LEV5S(1) 


NO 


IS  AT  LEAST  ONE 
SECTION  IN  THE 
TRAFFIC  RESPONSIVE 
MODE? 
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Figure  5.      Routine  MACRO   (Continued) 
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3.  2    ROUTINE  RTN5 

3. 2.  1     Purpose 

The  purpose  of  Routine  RTN5  is  to  compute  traffic  surveillance  data 
at  the  frequency  of  execution  of  the  TANSTP  MACRO  loop.      This  frequency 
of  execution  is   currently  set  at  5  minutes.     Thus,    Routine  RTN5  computes 
volume,    speed,    and  occupancy  for  each  instrumented  link  in  the  UTCS  net- 
work using  data  accumulated  over  the  previous  5  minutes  of  execution. 
The  Routine  computes  both  the  average  values  from  all  detectors  on  each 
link  and  the  free  flow  values  for  each  link.     The  free  flow  parameters 
represent  the  unrestricted  traffic  flow  characteristics  on  each  link.      The 
Q2  detector  (located  at  210  feet  upstream  of  the  stop  bar)  is  used  to  obtain 
free  flow  data  on  multi-detector  links  and  the  Vj  detector  is  used  to  obtain 
free  flow  data  on  single  detector  links.      Routine  RTN5  writes  these  surveil- 
lance parameters  on  magnetic  tape  (Unit  El)   if  a  tape  is  properly  mounted. 
The  date  and  time  at  which  the  surveillance  parameters  were  computed  is 
also  recorded  on  this  tape. 

3.  2.  2    Method 

Routine  RTN5  is  called  by  Routine  MACRO  every  5  minutes  at  45  sec- 
onds past  the  5-minute  mark  regardless  of  whether  or  not  the  traffic 
responsive  mode  has  been  selected.     Upon  entry,    Routine  RTN5  stores  the 
calling  argument,    IARG,    into  the  surveillance  data  desired  flag,   SURVFLG. 
The  flagword,   IARG,    is   set  in  a  DATA  statement  in  Routine  MACRO  to  indi- 
cate whether  average  link  data  or  free   flow  link  data  is  to  be  used  as  input 
to  the  network  optimization  scheme.      (The  flag,    SURVFLG,    is  tested  by 
Subroutine  LDMOE5  every  time  it  is  called  to  determine  if  average  or  free 
flow  link  data  is  to  be  retrieved.  ) 

Routine  RTN5  then  makes  a  call  to  the  Monitor  to  retrieve  the  cur- 
rent date  and  time  and  place  it  in  the  tape  buffer,    TBUFF.      (See  Figure  38 
for  layout  of  this  tape  buffer.  )    Routine  RTN5  then  loops   over  all  detectors 
in  the  UTCS  network  to  compute  volume,    speed,    and  occupancy. 
Subroutine  RTNFT  is   called  for  each  link  to  compute;  average  volume, 
average  speed,    and  average  occupancy  for  each  link;  free  flow  volume, 
speed,    and  occupancy  for  each  link;  and  to  load  the  tape  buffer,    TBUFF. 
The  computations  use  the  accumulated  raw  count,    CC2P,    the  accumulated 
raw  speed,    RAWSPP,    and  the  accumulated  raw  occupancy,    RAWOCCP,    for 
each  detector.      Routine  C  updates  these  raw  data  accumulators  once  each 
vehicle. 

If  any  detector  has  failed  on  a  link,    historical  volume  and  occupancy 
are  used  to  compute  the  average  volume,    speed,    and  occupancy  for  that 
link.      The  historical  data  is  read  into  the  software  system  via  the  off-line 
program,    PATGEN,    described  in  Section  7.      Historical  data  are  also  used 
to  compute  free  flow  volume,    speed,    and  occupancy  if  the  free  flow  detector 
(Q?  or  V  . )  has  failed  on  a  given  link. 


51 


After  processing  a  link,    Routine  RTN5  resets  the  raw  data  accumula- 
tors,   CC2P,    RAWSPP,    and  RAWOCCP  to  zero  for  every  detector  on  the 
link.     After  all  detectors  and  links  have  been  processed,    RTN5  proceeds 
to  write  the  data  contained  in  the  buffer,    TBUFF  onto  tape,  (the  VSO  tape). 
If  no  tape  has  been  mounted,   or  if  the  tape  has  been  improperly  mounted, 
an  appropriate  message  is  written  on  the  teletype.     This  message  can  be 
suppressed  by  the  operator  by  setting  Sense  Switch  2  on  the  CPU  front 
panel 

A  logic  flow  diagram  of  Routine  RTN5  is  given  in  Figure  6. 
Definitions  of  all  variable  names  used  in  the  code  are  given  in  Table  9. 

3.  2.  3     Cross  Reference 

Routine  RTN5  is  called  by  Routine  MACRO  every  5  minutes. 
Routine  RTN5  calls  the  following  Subroutine:    RTNFT. 
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ROUTINE  RTN5 


ENTER  ROUTINE  RTN?\ 
FROM  MACRO  ) 

.ARGUMENTS:    \NkOJ 

' — r 


SURVFLG  =  IARG 

_         ♦ 


GET  CURRENT  TIME  AND  DATA 
AND  PUT  IN  BUFFER 


T 


SET  TAPE  INDEX  TO  8 
TINDEX  =  8 

T 


SET  IAA  EQUAL  TO  THE  NUM&ER  OF 
DETECTORS  IN  THE  SYSTEM 
IAA  =  NDMAX      R4  =  N  DMAX 

=HF " 


R4  =  U  -  ) 

f 


ILL=  LINK  NUMBER  IAA 

ILL  =  DWL  $U) 

. 1 — __ 


NDD=  NOo  OF  DETECTORS  ASSIGNED  TO  LINK  ILL 
NDD  =  NDALNK  (ILL) 


Nil  =  NDOL  OLD 
NUMBER  OF 
DETECTORS 
ON  LINK  ILL 


CALL  OUTAPE 
TO  OUTPUT  TBUFFy 

— — — — p 


f    RETURN       J 

Figure  6.     Routine  RTN5 
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COMPUTE  FREE  FLCW  PARAMETERS 

COUNT  =  CC2P  0*4} 

SPEED     =  RAWSPP  (k4) 

OCCPP  =  (RAWOCP  (R4)  +  8)/16 


R13-  IAA 


R13=  R13~  1 
R6    =  (R13/32)*2 


LOGICALLY  AND  X'OOQOOOIF' 

INTOR13 

R7     =  R13 

R13  =  MASK  (R7) 


R12=  DMALF(R6) 


LOGICALLY  AND  R13  AND  R12 
TO  DETERMINE  IF  THIS  DETECTOR 
HAS  FAILED 


DETECTOR      n.    no 

MALFUNCTI  ON>  '■      » 
INDICATED 


SET  FREE  FLOW  DETECT- 
OR FAIL  FLAG  TO  ZERO 
DETM  =  0 


SET  FREE  FLOW  DETECTOR  FAIL 
FLAG  TO  ONE 

DETM  =  1 


Figure  6.     Routine  RTN5  (Continued) 
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RLNKC    =  RLNKC  +  CC2P  #4) 
RLSPEED  =  RLSPEED  ♦  RAWSPP  $ 4) 
RLNKO  =  RLNKO  +  (ftAWOCP  £4)  +  8)/16) 
COMPUTE  RAW  LIN  K  PARAMETERS 


©• 


CC2P  $ 4)  *  0 
RAWSPP  $4)  =  0 
RAWOCP  $4)=  0 


IAA=»  R4 
R4  =  R4  - 


NDD  =  NDD  -  \ 


R7        =  ILL 

SET  R7-  LINK  NUMBER  FOR 
CALL  TO  RTNFT 


CALL  RTNFT  T< 
FILL  TBUFF  FOR 
vLINK  ILL 


COUNT 

=  0 

RLNKC 

=  0 

SPEED 

=  0 

RLSPEED 

=  0 

OCCPP 

=■0 

RLNKO 

=  0 

R4 

=  IAA 

Figure  i.     Routine  RTN5  (Continued) 


55 


R2=  0 
P=r 


SAVE  ALL  16  REGISTERS 
INREGSAV 


YES 


OUTPUT  TBUFF  TO  UNIT  El 


SET  RECORDING  FLAG 
RECDING-  1 


R2  =  R2  +  1 


OUTPUT  EOF 
TO  El 


i^ 


RESTORE  ALL  16  REGISTERS 


C    RETURN     J 


Figure  6.     Routine  RTN5  (Concluded) 
(Subroutine  OUT  APE) 
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3.  3    ROUTINE  PREDICT 

3. 3.  1     Purpose 

The  objective  of  the  real-time  predictor  is  to  forecast  link  volumes 
and  speeds  for  the  5- minute  period  ahead  of  the  current  time.      The  pre- 
dictor is  presently  dimensioned  to  forecast  these  parameters  for  262  links. 

3.3.2    Method 

Routine  PREDICT  is   called  every  5  minutes.     Upon  entry  the  cur- 
rent 5-minute  time  is  extracted  from  TBUFF.     If  the  predictor  was  called 
at  the  previous   5-minute  mark,   the  forecast  errors  over  this  period  are 
summarized  and  the  statistical  summary  files   (RAD  Files   11  through   17)  are 
updated.     If  a  link  has  failed  during  the  last  5  minutes,   its  error  statistics 
are  not  updated,    since  the  true  traffic  parameters  for  that  link  are  not 
available.     The  statistical  error  analysis  for  each  link  contain  the  following 
for  both  predicted  volumes  and  speeds: 

1)  Number  of  predictions. 

2)  Average  forecast  error. 

3)  Standard  deviation  of  the  forecast  errors. 

4)  Average  relative  forecast  error. 

5)  Standard  deviation  of  relative  forecast  error. 

6)  Average  absolute  relative  forecast  error  (AMI). 

7)  Number  of  predictions  where  AMI  >  0.  05. 

8)  Number  of  predictions  where  AMI  ^  0.  10. 

9)  Number  of  predictions  where  AMI  £  0.  20. 

After  the  statistical  files  have  been  updated,  forecasts  are  computed 
for  link  volumes  and  speeds.  The  model,  outlined  previously  is  employed 
except  when: 

1)  The  actual  day  of  the  week  is  a  Saturday,    Sunday,    or 
legal  holiday. 

2)  The  time- of- day  (for  the  prediction)  is  not  between 
07  05  and  1900. 

3)  There  was  insufficient  data  available  to  estimate  the 

Fourier  coefficients  for  this  link. 
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In  these  three  cases  the  actual  volumes  and  speeds  observed  over 
the  last  5  minutes  are  used  as  the  forecasts. 

The  Fourier  series   estimates  [*m(t)]  of  the  traffic  parameters  are 
obtained  from  File  11.      This  file  contains  the  Fourier  series  values  for 
each  link  for  the  time  periods.      Carryover  corrections  are  obtained  from 
File  18  and  then  applied  to  this  estimate,    except  when  a  link  has  failed 
during  the  last  5  minutes.     In  this  case  the  estimate  m(t)  is  used  as  the 
forecast. 

If  the  predictor  was  executed  at  the  last  5-minute  mark  the  forecast 
is  computed  as: 

v(t)  =  m    (t)  +  c    (t)  +  d    (t),    for  volumes 

V  V  V 

s(t)  =  m    (t)  +  c    (t)  +  d    (t),    for  speeds 

5  5  S 


where 


c    (t)  =  0.  9c    (t  -   1)  +  0.  lr    (t  -    1) 

V  V  V 


c    (t)  =  0.  9c    (t  -   1)  +  0.  lr    (t  -   1) 

o  S  S 


r    (t  -    1)  =  f    (t  -   1)  -  m    (t  -   1) 

V  V  V 


r    (t  -    1)  =  f   (t  -   1)  -  m    (t  -   1) 
s  s  s 


h   (t  -   1 )  =  r    (t  -  1 )  -  c   (t-   1 ) 

V  V  V 


h    (t  -    1)  =  r    (t  -   1)-   c    )t-    1) 
s  s  s 


d    (t)  =  0.  2h    (t  -   1) 

V  V 


d    (t)  =  0.  5h    (t  -   1) 
s  s 


f   (t)  =  observed  traffic  volume  at  time  t 
v 


f   (t)  =  observed  traffic  speed  at  time  t 
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m    (t)  =  Fourier  series  value  for  traffic  volume  at  time  t 

m    (t)  =  Fourier  series  value  for  traffic  speed  at  time  t 

If  the  predictor  was  not  executed  at  the  last  5-minute  mark,   the  fore- 
cast is  computed  as: 

v(t)  =  m    (t)  +  c    (t) 

V  V 

s(t)  =  m    (t)  +  c    (t) 
s  s 

where  cv(t)  and  cs(t)  are  the  corresponding  corrections  that  were  applied 
the  last  time  the  predictor  was  called.     Before  the  predictor  exits,   the 
updated  corrections  are  written  on  File  18. 

Routine  PREDICT  interfaces  with  the  real-time  second  generation 
software  via  common  block  BLK3.     The  common  area  contains  the  arrays 
PV(I)  and  PS(I),    and  the  predicted  volumes  and  speeds  are  stored  there, 
respectively. 

Routine  PREDICT  is  called  by  the  Priority  Level  5  Executive  subse- 
quent to  computing  the  link  surveillance  data  in  RTN5, 

Subroutine  LDMOE5  is  called  to  obtain  the  MOE's  that  are  com- 
puted for  the  5-minute  tape.     If  the  current  time  is  midnight,    or  if  the  sys- 
tem is  being  shutdown,   Subroutine  PRPRED  is  called  to  write  the  predictor 
performance  report  to  the  line  printer. 

Eight  RAD  files  (Files  1  1  through  18)  are  used  by  the  predictor. 
File  11  contains  the  fourier  series  estimates  [m(t)]  of  the  traffic  volumes 
and  speeds  for  Links  1  to  262.  The  file  is  organized  into  records  that  are 
each  1,  152  words  long.  Each  record  is  read  into  array  DATA  (I,  K)  which 
is  dimensioned  as  (144,  8).  This  array, then  contains  the  m(t)  for  volumes 
and  speeds  for  the  Ith  5-minute  time  interval  (!  =  !-♦  0705,  I  =  144  -»  1900) 
for  the  Kth  link  in  the  current  record.  Volumes  are  stored  in  the  first 
halfword  and  speeds  are  stored  in  the  second  halfword  of  DATA  (I,  K). 

Files  12  through  17  contain  a  statistical  summary  of  the  forecast 
errors  for  each  link.      Each  file  contains  one  record  that  is  900  words  long. 
Each  file  is   read  into  array  STAT  (I,  J,  K)  which  is  dimensioned  as  (9,  2,  50). 
This  array  then  contains  the  current  error  summary  for  volumes  (J  =  1 ) 
and  speeds  (J  =  2)  for  the  Kth  link  in  the  current  file.     The  Index  I  is 
defined  as : 

1  -  number  of  predictions 

2  -   sum  of  errors 


61 


3  -   sum  of  squares  of  errors 

4  -   sum  of  relative  errors 

5  -   sum  of  squares  of  relative  errors 

6  -   sum  of  absolute  errors 

7  -  number  of  predictions  where  absolute  relative  error  >  0.  05 

8-  number  of  predictions  where  absolute  relative  error  >  0.  1  0 

9  -  number  of  predictions  where  absolute  relative  error  >  0.  20 

File  18  contains  the  carryover  correction  values  for  both  volumes  and 
speeds.     The  file  contains  one  record  that  is  550  words  long.     This  record 
is  read  into  arrays  CP  and  CS. 

A  logic  flow  diagram  of  Routine  PREDICT  is  given  in  Figure  7. 
Definitions  of  all  variable  names  used  in  the  code  are  given  in  Table   10. 

3.  3.  3     Cross  Reference 

Routine  PREDICT  is   called  by  Routine  MACRO  every  5  minutes. 
Routine  PREDICT  calls  the  following  Subroutines:    BUFFERIN,    LDMOE5, 
and  PRPRED. 
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SUBROUTINE  PREDICT  (IOPT) 


'    CALL  PRPRED 
WRITE  SHUTDOW 

EPQEL 
t 


BUFFER  IN 

CARRYOVER 

CORRECTIONS 


IOPT  =  0 


DETERMINE 
TIME-OF- 
DAY  INDEX 


r    RETURN      ) 


NO 


© 


IT  =  ITSAVE  + 
IUNIT=  12 
IP=  NSTAT 
1  =  1 
NN=  0 


■*-t 


t 


IP=  IP+  1 


0 


Figure  7.      Routine  PREDICT 
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©■ 


BUFFER  OUT 
IUNIT  FILE 
TO  RAD 


I 


IUNIT  =  IUNIT  +  1 


I 


BUFFER  IN 
IUNIT  FILE 
FROM  RAD 


I 


IP=  1 


5 


22 


LINK 
FAILED? 
X  OR 

LT  >U5 

9 


YES 


NO 


-© 


Figure  7.      Routine    PREDICT    (Continued, 
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CALL  LDM0E5\ 
I,  JB       7 


I 


RR  (1)=  JB  (2)  -  (PREDICTED  VOLUME) 
RR  (2)  =  JB  (5)  -  (PREDICTED  SPEED) 


I 


FOR  J  =  1   2* 

STAT  0,j',IP)a  STAT  fl#J#IP}+l     „. 
STAT  <2,J,IP)=STAT  (2,J,IP)  +  RR  UL 
STAT  0, J, IP)  =  STAT  P,J,IP)  +  RR  Ur 


I 


RR  (1)=RR  (1)/JB  (2) 
RR  (2)  =  RR  (2)/jB  (5) 


FOR  J  = 

1.  2: 

STAT  (4 

J,IP)  = 

STAT  (4, J 

rlP)  + 

RR 

W9 

STAT  p 

Irr  (J) 

,STAT  (5,  J 

,IP)  + 

RR 

(J)2 

RR  (J)  = 

1 

STAT  (6/J/1P)  = 

STAT  f&,J 

rlP).+ 

RR 

(J) 

STAT  P,J,IP)  =  STAT  (7,J,_IP)+  1 


STAT  (B,J#IP)  =  STAT  (8,J,IP)  +  1 


Figure  7.      Routine  PREDICT   (Continued; 
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YES 


NO 


YES 


i 


BUFFER  OUT 
IUNIT  FILE 
TO  RAD 


STAT  (9,J,|P)  =  STAT  (9,J,IP)  +  1 


1  =  1  +  1 


-0 


Figure  7.      Routine  PREDICT   (Continued) 
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CALL  LDMOE5 


I,  JB 


} 


J 


i 


STORE  SPEED  AS  JB  p) 
5TORE  VOLUME  AS  JB  (5) 
(FOR  ALL  LINKS) 


IP=  NDATA 
LB=  1 
1=  1 


t*» 


IP=  IP+  1 


YES 


-0 


NO 


0 


Figure  7.     Routine  PREDICT   (Continued) 
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G> 


0- 


BUFFER  IN 
NEXT  RECORD 
FROM  FILE  11 


I 


IP=  1 


58 


EXTRACT  VP  AND  SP 
FROM  DATA  (IT, IP) 


YES 


G)* 


CALL  LDMOL5 


I,  JB 


i 


VP  =  JB  (2) 
SP=  JB  (5) 


YES 


Figure  7.      Routine  PREDICT   (Continued) 
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e- 


NO 


\ 

\ 

R  =  JB  (2)  -  FOURIER  VOLUME 

T=R-CPfl) 

CP  0)=  0.9CP  (D  +  0.1R 

S=  JB  (5)  -  FOURIER  SPEED 

U  =  S  -  CS  (1) 

CS  0)=O.9CS  (l)  +  0.1S 
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*!! 


vp=  vp  +  cp  fl) 
sp=  sp+cs  0) 


YES 


NO 


*vMy 


-0 


<D 


Figure  7.      Routine  PREDICT  (Continued) 
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G> 


VP=  VP+  0.2T 
SP=  SP  +  0.5U 


68 


STORE  VP  AS  PREDICTED  VOLUME 
STORE  SP  AS  PREDICTED  SPEED 


& 


=  1  +  1 


CALL  LDMOE5 
FOR  ANY  LINK 
NOT  PREDICTED 


H 


ITSAVE=  IT 


T 


BUFFER  OUT 

CORRECTION 

FILE 


YES   /      CALL  PRPRED 

print  predictor 


STATISTICS  REPORT 


IOPT=  0 


Figure  7.     Routine  PREDICT   (Concluded) 
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3.4    ROUTINE  RTSND 

3. 4.  1     Purpose 

The  objective  of  Routine  RTSND  is  to  construct  the  subnetworks  (con- 
troller and  link  configurations)  to  be  optimized  by  the  network  optimization 
Routine,    LSTSQS.      The  routine  also  establishes   cycle  length  for  each  sub- 
network to  be  used  by  the  network  optimization  routine  in  computating  the 
optimal  signal  timing  plans  for  each  subnetwork.      The  routine  also  adjusts 
splits  at  instrumented  controllers   (controllers  having  detectors  on  links 
associated  with  each  controller  phase)  based  upon  the  predicted  demand  on 
each  approach. 

3.4.  2    Method 

The  methodology  employed  by  Routine  RTSND  is  to  combine  adja- 
cent groups  of  controllers  to  form  subnetworks  if  the  predicted  traffic  flow 
conditions  over  the  next  optimization  time  period  indicate  that  the  adjacent 
groups  will  require  cycle  lengths  which  are  nearly  equal.     The  group  cycle 
lengths  are  established  by  insuring  that  cycle  failure  will  not  occur  at  any 
instrumented  controller  in  each  group. 

The  groups  are  established  by  an  a   priori  decomposition  of  the  sig- 
nalized network.     This  decomposition  is  to  be  determined  by  the  traffic 
engineer  based  upon  knowledge  of  the  traffic  flow  characteristics  and  the 
geometry  (link  lengths)  of  the  signalized  network.      The  controllers  to  be 
contained  in  each  group  are  specified  by  the  data  base  assembled  into 
Subroutine  LINKD.     The  specific  arrays  which  define  each  group  are  as 
follows: 

GCONT     -  list  of  controllers  in  each  group 

NCIGPP  -  number  of  controllers  in  each  group 

GCNTSI  -   starting  index  into  GCONT  array  for  each  group 

CGRPN    -  group  to  which  each  controller  belongs 

N2GCL     -  number  of  second  generation  links  in  each  group 

2GCLSI    -  the  second  generation  link  number  corresponding  to 
the  first  second  generation  link  in  each  group 

INCG         -  list  of  instrumented  controllers  in  each  group 

NICIGP    -  the  number  of  instrumented  controllers  in  each  group 

ICGSI        -  index  into  INCG  array  giving  position  of  first  instru- 
mented controller  in  each  group 
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A  group  of  controllers  can  be  comprised  of  any  number  of  adjacent 
controllers.      However,    for  correct  operation  of  the  software,    no  group 
should  overlap  section  boundaries.     That  is,    no  group  should  contain  con- 
trollers which  are  in  different  sections.      (A  section,   according  to  first 
generation  terminology,    is  a  set  of  controllers  which  will  always  operate 
in  the  same  mode  of  control  -  Standby,    Manual,    Timc-of-Day,    or  Traffic 
Responsive.  )    Therefore,    a  group  can  be  equivalent  to  a  section,    or  be  a 
subset  of  a  section.      The  user   should  refer  to  Section  6  for  a  more  detailed 
discussion  of  these  subjects. 

The  real-time  subnetwork  determination  function  is  performed  for 
only  those  sections  which  are  in  the  Traffic  Responsive  Mode  of  control.     If 
two  or  more  adjacent  sections  are  in  the  Traffic  Responsive  Mode,    groups 
in  the  adjacent  sections   can  combine  to  form  a  subnetwork.     Thus,   a  sub- 
network can  be  a  subset  of  a  section,   or  a  section  can  be  a  subset  of  a 
subnetwork. 

The  Washington,    D.  C.    UTCS  network  has  been  decomposed  into  six 
groups  of  controllers.     The  instrumented  controllers  and  links   contained  in 
each  group  are  shown  in  Figures  75  through  80  of  Section  6.  2  of  Volume  2. 
Table   11  lists  the  section  to  which  each  group  belongs,   the  instrumented  con- 
trollers in  each  group,    and  the  major  arterials  which  traverse  each  group. 

The  computational  procedure  used  in  Routine  RTSND  involves  the 
following  steps: 

a)       Webster's  formula  is  used  to  compute  an  optimal  cycle 
length  for  each  instrumented  controller  in  each  group 
which  is  in  a  section  currently  in  the  Traffic  Responsive 
Mode  of  control.      The  specific  formula  is: 

C  =  FRAC*1-5':'T1L,0f  +  5'° 

where 

C  =  Optimal  cycle  length 

FRAC  =  Adjustment  factor' 

TLOSS  =  Total  lost  green  time  in  controller  cycle  due 
to  all  red  clearance  intervals  and  vehicle 
start  up  delay. 


The  derivation  of  the  Webster's  formula  assumes  an  isolated  controller 
and  assumes  that  traffic  arrival  on  each  approach  is  Poisson  distributed 
over  the  controller  cycle.      The  factor,    FRAC,    reduces  the  optimal  cycle 
length  obtained  from  using  these  assumptions  to  account  for  the  fact  that 
the  controller  is  part  of  a  progressive  system  and  that  traffic  will  arrive 
in  platoons  or  waves.      The  value  of  this  factor  used  in  UTCS  is  0.  85. 
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Y  =  Sum  of  predicted  critical  lane  volumes  divided  by- 
saturation  volumes  associated  with  each  controller 
phase. 

b)  The  cycle  length  computed  for  each  controller  in  a)  is 
limited  by  the  minimum  and  maximum  cycle  length 
allowed  in  the  network  (CYCMIN  and  CYCMAX, 
respectively). 

c)  The  result  of  b)  is  further  limited  to  be  not  less  than 
the  largest  minimum  cycle  length,    ITKMIN,    of  all  con- 
trollers in  the  group  to  which  the  instrumented  control- 
ler belongs. 

d)  For  each  group  of  controllers  under  the  Traffic 
Responsive  Mode  of  control,    the  largest  cycle  length 
obtained  from  Steps  a)  through  c)  is  recorded  for  each 
group. 

e)  Adjacent  groups  of  controllers  having  nearly  equal  cycle 
lengths    (i.  e.  ,    their  difference  is  less  than  the  input 
parameter,    TOL)  from  Step  d)  are  combined  to  form 
subnetworks. 

It  should  be  stated  here,   that  if  any  critical  link  on  an  instrumented 
controller  approach  has  failed,   the  computation  of  Step  a)  is  not  performed. 
The  Time-of-Day  cycle  length  is  used  for  those  controllers  having  at  least 
one  critical  link  which  has   failed.     It  should  also  be  mentioned  that  cur- 
rently,   no  more  than  three  groups  can  be  combined  into  one  subnetwork  due 
to  the  limitations  on  the  sizes  of  the  dimensioned  arrays  in  the  network 
optimization  package.      The  largest  subnetwork  can  have  no  more  than 
45  controllers  and   17  5  links  including  the  continuity  links  discussed  in 
Section  3.  5. 

After  the  subnetwork  configurations  have  been  established,    the  sub- 
network interfacing  flags,   INTF,    are  set  to  indicate  to  Routine  INTFC 
which  links  traverse  the  boundaries  between  each  adjacent  pair  of 
subnetworks. 

After  the  appropriate  subnetwork  interfacing  flags  have  been  set,    the 
cycle  lengths  for  each  subnetwork  are  rounded  to  the  nearest  5  seconds. 
The  cycle  length  range  to  be  searched  by  Routine  LSTSQS  for  each  subnet- 
work is  then  recorded.     The  software  is  dimensioned  so  that  a  maximum  of 
eight  cycle  lengths  can  be  searched.      However,    in  the  UTCS  experiments, 
only  the  "Webster's  cycle  length  rounded  to  the  nearest  5  seconds  was 
allowed.      The  number  of  cylces  to  be  searched  is  established  by  the  user 
through  the  setting  of  the  parameter  NCYCLE. 

After  the  above  computations  have  been  made,   the  splits  are  adjusted 
if  necessary  at  each  instrumented  controller  which  belongs  to  a  section 
which  is  in  the  Traffic  Responsive  Mode  of  control.     Splits  are  only 
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adjusted  if  certain  criteria  are  met.      The  criteria  are  listed  in  Table   12. 
If  criteria  is  met,    the  split  is  computed  in  proportion  to  the  ratios  of  the 
predicted  critical  lane  volumes  on  conflicting  intersection  approaches. 
The  following  equations  are  used: 

SPLIT  VPHASA 


A       VPHASA  +  VPHASB  +  VPHASC 
VPHASC 


where 


qpj  yr        -  

C      VPHASA  +  VPHASB  +  VPHASC 

VPHASA  is  A- Phase  critical  approach  demand 

VPHASB  is  B- Phase  critical  approach  demand 

VPHASC  is  C- Phase  critical  approach  demand 

Demand  is  computed  as  a  function  of  both  volume  and  occupancy  as 
follows: 

If  OCC  <  OCTH: 

Demand  =  PV 
If  OCC  s  OCTH: 

Demand  =  PV  +  OCCW  *  OCC 

where 

OCC  is  link  occupancy 

PV  is  predicted  link  volume 

OCTH  is  a  user  specified  threshold  on  occupancy  (see  Section  6). 
Current  value  is  30  percent. 

OCCW  is  a  user  specified  weighting  an  occupancy  (see  Section  6). 
Current  value  is    1000. 

This  approach  is  used  to  insure  a  proper  split  computation  in  the 
event  that  the  concentration  of  traffic  on  a  link  exceeds  the  optimal  con- 
centration and  the  volume  decreases  from  the  theoretical  maximum 
capacity. 

The  critical  approach  for  each  phase  is  the  approach  which  has  the 
largest  predicted  demand  out  of  all  links  associated  with  each  phase.     Of 
course,    SPLIT.-,,    is  calculated  only  for  three  phase  controllers.     The  com- 
puted splits  are  limited  to  insure  that  all  minimum  phase  durations  are 
preserved. 
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Before  Routine  RTSND  is  exited,    a  portion  of  the  reoptimization 
decision  logic  listed  in  Table  7  is  executed.      The  reoptimization  required 
flag,   IREOPT,    is   set  if  the  number  of  subnetworks  has  changed  since  the 
last  pass  through  RTSND,    or  if  the  cycle  length  for  any  subnetwork  has 
changes  significantly  since  the  last  pass,    or  if  the  value  of  any  subnetwork 
interface  flag,    INTF,   has  changed  since  the  last  pass. 

A  logic  flow  diagram  of  Routine  RTSND  is  given  in  Figure  8. 
Definitions  of  all  variable  names  used  in  the  code  are  given  in  Table   13. 

3.4.3     Cross  Reference 

Routine  RTSND  is  called  by  Routine  MACRO  on  the  5-minute  mark 
if  a  traffic  responsive  signal  pattern  was  not  implemented  on  the  previous 
5-minute  mark.     Routine  RTSND  calls  the  following  Subroutines:    IRTN, 
LPHASV,   SMSCYC,    LNKFL,    LDMOE5,    GTSMT,    GETSPLT,    GSACBC, 
TOFAZE,    SPLPK,    and  SPLTWP. 
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/enter  rtsnd  from\ 
i   macro  arguments:) 

\LEV5S,  NSUB  J 

r 


COMPUTE  HEADWAY  IN  HOURS 
CONS=  2   1/3600 


I 


CLEAR  ARRAYS:    CANDIDATE  CYCLE 
LENGTHS  FOR  EACH  SUBNETWORK, 
CYC  (8,5);  NUMBER  OF  CANDIDATE 
CYCLE  LENGTHS,  NCYCLE  (8);  CORE 
GROUPS  COMPRISING  THE  SUBNET- 
WORKS, ISB  (8,8);  CANDIDATE  CORE 
GROUPS  FOR  THE  SUBNETWORKS, 
IGRUP  (8,8) 


L=  0 


M=  SECTION  INDEX  FOR 
DETERMINING  CANDIDATE 
CORE  GROUPS  FOR 
NETWORK  (IGRUP  (8,8)) 


K=  FIRST  INDEX  ON  IGRUP,  INDEX 
FOR  CORE  GROUPS  IN  SUBNETWORK 
L=  SECOND  INDEX  ON  IGRUP, 
INDEX  FOR  NUMBER  OF  SUBNETWORK 


<5 


Figure  8.      Routine  RTSND 


82 


DETERMINE  WHICH 
SECTIONS  ARE  IN 
TRAFFIC  RESPONSIVE 


=  0 


Figure  8.     Routine  RTSND  (Continued) 
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PUT  CORE  GROUPS  1  AND  2  IN 
SAME  CANDIDATE  SUBNETWORK 
IGRUP  (K,  L)        =  1 
IGPUP  (K+  1,  L)=2 


PUT  CORE  GROUPS  4  AND  5  IN 
SAME  CANDIDATE  SUBNETWORK 
IGRUP  -  4 

IGRUP  (K+  1,  L)  =  5 


PUT  CORE  GROUP  6  IN 
A  SUBNETWORK 
IGRUP  (K,  L)=  6 


Figure  8.     Routine  RTSND  (Continued) 
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ZERO  MAXIMUM  CYCLE  LENGTHS, 
CYMAX  (8)  AND  MINIMUM  CYCLE 
LENGTHS,  ITKMIN  (8)  FOR  EACH 
CORE  GROUP 


ZERO  COUNT  OF  NUMBER  OF 
GROUPS  IN  THIS  SUBNETWORK 
ICOUNT=  0 


I 


M=  SECOND  INDEX  ON  IGRUP 


INCREMENT  GROUP  COUNT 
FOR  THIS  SUBNETWORK 
ICOUNT=  ICOUNT+  1 


t 


0 


NO 


-»-M(xn 


Figure  8.     Routine  RTSND  (Continued) 
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SET  GROUP  NUMBER 
IGP  =  IGRUP  (N,  M) 


*© 


YES      ^^  IS 

TRAFFIC 

RESPONSIVE 

SECTION  (2)  = 

SECTION  2?  I.E., 

JS  LEV5S  (2)  = 

? 

NO] 


i 


PUT  CORE  GROUPS  1 ,  2,  AND  3  IN 
SAME  CANDIDATE  SUBNETWORK, 
IGRUP  =  1 

IGRUP  =  2 

IGPUP  (K+2,  L)=3 


I 


INCREMENT  M 


I 


PUT  CORE  GROUP  3 
IN  A  SUBNETWORK 
IGRUP  (K,  L)=3 


Figure  8.     Routine  RTSND  (Continued) 
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CALL  IRTN 


IGP,  INTRS,  ITKM 


I 


RETRIEVE  CONTROLLERS 
AND  MINIMUM  CYCLE 
LENGTH  FOR  GROUP  IGP. 


SET  MINIMUM  CYCLE 
LENGTH  FOR  GROUP 
iTKMIN  <ICOUNT)  =  ITKM  +  2 


I 


INT=  INDEX  FOR  CONTROLLERS 
IN  CORE  GROUP 


& 


*-! 


SET  CONTROLLER  NUMBER 
ISN=  INTRS  (INT) 


RETRIEVE  LINKS  ASSOCIATED 
WITH  EACH  PHASE  OF  CON- 
TROLLER, CONTROLLER  TYPE, 
PHASE  DURATIONS  AVAILABLE, 
AND  MINIMUM  PHASE  DURA- 
TIONS FOR  THIS  CONTROLLER 


Figure  8.     Routine  RTSND  (Continued) 

87 


CALL  SMSYL 


ISM,  SUMABCT,  ICYCLE,  ICYS, 


I 


RESET  LINK  FAIL  FLAG 
IFAIL=  0 


RETRIEVE  SUM  OF  FIXED 
INTERVALS,  CURRENT 
CYCLE  LENGTH,  AND 
CURRENT  TIME  OF  DAY 
CYCLE  LENGTH  FOR 
THIS  CONTROLLER 


509 


ILN  =  INDEX  FOR  LINK  PHASE 
FOR  LINKS  APPROACH  THIS 
INTERSECTION 


1 


RESET  VOLUME  FOR  LINK 
PV  (ILN)=  0 


DOES  LINK 

IOT  EXIST  ON  THIS^ 

PHASE? 

LINK  (ILN)=J 


YES 


510 


NO 


SET  LINK  NUMBER 
IL=  LINK  (ILN) 


I 


CALL  LNKFL 


1L,  IFL 


RETRIEVE  LINK 
FAILURE  FLAG 


Figure  8.     Routine  RTSND  (Continued) 
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RETRIEVE  5-MINUTE 
AVERAGE  MOE'S  FOR 
THIS  LINK 


IGNORE 
OCCUPANCY  IN 

_  UNCONGESTED 

REGIME 


SET  VOLUME  FOR  THIS  PHASE 
PV  (ILN)  =  VOL 


PV  (ILN)=  PVV  OL) 


COMPUTE  VOLUME  PLUS 
WEIGHTED  OCCUPANCY 
PV  (ILN)  =  PV  OLN)  +  OCCW  *  OCC  *XD 


Figure  8.     Routine  RTSND  (Continued) 
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PV 


\YES 

50    yS^ 

PV  (ILN)  =  50 

is: 

V^NO 

Ji-« 

--  LIMIT  PV 


INCREMENT  LINK 
PHASE  INDEX 
ILN  +  ILN+  1 


ZERO  A,  B,  AND  C-PHASE  VOLUMES 
(VPHSE  0))/  VOLUME  SUM  (VSUM), 
AND  TIME  LOSS  (TLOSS) 


1 


CALL  GTSMT 
ISN,  SUMT 


I 


RETRIEVE  SUM  OF  ALL 

RED  CLEARANCE 

INTERVALS  IN 
CONTROLLER  CYCLE 


LINK  (1 ...  6)  EQUIVALENCED  TO  LNK1 , 
LNK2  .  .  .    LNK6,  RESPECTIVELY 


I 


A-PHASE  VOLUME  FOR 
FIRST-A-PHASE  LINK 
VPHASE=  PV  (LNK1) 


Figure  8.     Routine  RTSND  (Continued) 
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VPHASA=  PV  (LNK2) 


Figure  8.     Routine  RTSND  (Continued! 
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C-PHASE  VOLUME  FOR 
FIRST  C-PHASE  LINK 
VPHASC=  PV  (LNK5) 


VPHASC  =  PV 
(LNK6) 


TEST  CONTROLLER  TYPE 


Figure  8.     Routine  RTSND  (Continued) 
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VPHASA 
=  VPHASC 


I 


© 


VPHASB 
VPHASC 


TLOSS=  10+  SUMT 
VSUM  =  VPHASA  + 

VPHASB 


1 


TLOSS=  15  +  SUMT 
VSUM  =  VPHASA  + 

VPHASB  +  VPHASC 


COMPUTE  LOST  TIME  IN 
CYCLE  AND  TOTAL 
CRITICAL  VOLUME  FOR 
CONTROLLER  TYPE 


CYCLE  LENGTH  FROM  WEBSTER'S  EQUATION 
CYCLE  =  (1 .5  •  TLOSS  +  5.)/)] .  -  Y)  *  FRAC 


Figure  8.     Routine  RTSND  (Continued) 
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CYCLE  = 
CYMIN 


SET  CONTROLLER  CYCLE  LENGTH 
TO  TIME  OF  DAY  CYCLE  LENGTH 
CYCLE  =  ENTCYC 


CYCLE  =  ITKMIN  (ICOUNT) 


<  CYMIN 

m 


>CYMAX 


*  CYMAX 

*  CYMIN 

-a« 


CYCLE  =  CYMAX 


LIMIT  CYCLE  LENGTH  TO 
USER  SPECIFIED  RANGE 


IS  CYCLE 
^EXISTING  MAXIMUM 
CYCLE  LENGTH  FOR  GROUP?, 
I.E.,  IS  CYCLE  >  CYMA; 
(ICOUNT)? 


NO 


© 


YES 


1 


SET  NEW  MAXIMUM  FOR  GROUP 
CYMAX  (ICOUNT)  =  CYCLE 


Figure  8.     Routine  RTSND  (Continued] 
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Figure  8.     Routine  RTSND  (Continued) 


95 


©■ 


INITIALIZE  COUNTER  AND  INDEXES 

FOR  DETERMINING  CORE  GROUPS 

IN  SUBNETWORKS 

NSUB  =  1 

M        =0 

K         =0 

IM       =0 


I 


L=  SECOND  INDEX  ON 
IGRUP,  MDO  LOOP"  INDEX 


K    =  K+  1 
IM=  IM+  1 
M  =  M+  1 


HAVE  ALL  YES 

"CORE  GROUPS  BEEN  PROCESSED 
I.E..  IS     K>NGRPS? 


201 


NO 

IS  THERE  ^^ 

'NO  REMAINING  CORE  GROUP? 
I.E.,  IGRUP  0vA,  L)  = 
? 

NO 


H 


Figure  8.      Routine  RTSND  (Continued) 
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H 


IS  THERE 

NO  CANDIDATE  CORE 

'GROUP  TO  COMBINE  INTO  SUBNETWORK?? 

i,E.,  IS  IGRUP  (M  +  1,  L)=J. 

? 


YES 


NO 


ARE 

"CANDIDATE  CORE  GROUI 
\AX  CYCLE  LENGTHS    NOT  CLOSE 
ENOUGH  TO  COMBINE  INTO  SUBNET- 
WORK?, I.E.,  IS  |CYMAX  (K) 
-CYMAX  (K+l) 
>TOL£ 

NO 


STORE  CORE  GROUP  IN  SUBNETWORK 
ISB  (IM,  NSUB)=  IGRUP  (M  -  L) 


YES 


'ICK 

THE  LARGER  CYCLE 

LENGTH,  IS  CYMAX  (K)  >  CYMAX 

(K+l)? 


YES 


CYCL  (NSUB)  =  CYMAX  (K  +  l) 


CYMAX  (K+l) 
=  CYMAX  (K) 


TEST  FOR  ADDITIONAL        T 
CANDIDATE  CORE  GROUPS  l(  602 
FOR  THIS  SUBNETWORK      j 


SET  SUBNETWORK  CYCLE  LENGTH  TO 
CORE  GROUP  MAXIMUM  CYCLE  LENGTH 
CYCL  (NSUB)  =  CYMAX  (K) 


STORE  CORE  GROUP  IN  SUBNETWORK 
ISB  (IM,  NSUB)=  IGRUP  (M,  L) 


Figure  8.     Routine  RTSND  (Continued) 

97 


INCREMENT  SUBNETWORK  INDEX 
NSUB  =  NSUB  +  1 


I 


RESET  FIRST  INDEX  ON  SUBNETWORK 
IM=  0 


IS  THERE 
ANOTHER  CANDIDATE  CORE 
GROUP  FOR  THIS  SUBNETWORK?,  I.E.,J! 

IGRUP  (M  +  1 ,  L)  *  0 
? 

NO 


YES 


RESET  FIRST  INDEX  OF  IGRUP 
M=  0 


£> 


HAVE  ALL 

CORE  GROUPS  BEEN 

PROCESSED 

? 


NO 


INCREMENT  "DO  LOOP" 
INDEX,  L      ■ 


IYES 


RESET  SUBNETWORK  NUMBER  (NSUB) 
BECAUSE  LAST  INCREMENTATION 
WAS  FOR  AN  EMPTY  SUBNETWORK 
NSUB  =  NSUB  -  1 


Figure  8.     Routine  RTSND  (Continued) 
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RECORD  NUMBER  OF  GROUPS  IN  EACH 
SUBNETWORK  AND  SUBNETWORK 
ASSOCIATION  FOR  EACH  GROUP 


1111=  INDEX  ON  SUBNETS 


I 


NGRPSS  0111)=  0 


I 


Ul  =  INDEX  ON  GROUPS 


IJI=  IJI  +  1 


1111=  1111  +  1 


I 


GSBNET  (Ul)  =  llll 

NGRPSS  (Jill)*  NGRPSS  0111)  +  1 


NO 


YES 


YES 


Figure  8.     Routine  RTSND  (Continued) 
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DETERMINE  INTERFACE  FLAG  SETTINGS  FOR 
INTERFACES  BETWEEN  SUBNETWORKS 


INTF  (IJ|)=  0,  Ul=  1,  NGRPIF 


RESET  INTERFACE 
FLAGS 

RESET  NUMBER  OF 
INTERFACES 


i ARE  THERE  NO  POSSIBLE  INTERFACES? 

290 


DETERMINE  WHICH  GROUP  INTERFACES  ARE  APPLICABLE 


IJI=  IJI  +  1 


NSBM1  =  NSUB  -  1 


I 


Ul  =  INDEX  ON  INTERFACES 


i 


INDX1  =  NGRPSS  (IJI) 
INDX1  =  ISB  (INDX1,  IJI) 
INDX2=  IJI  +  1 
INDX2=  ISB  0/  INDX2) 


RETRIEVE  GROUP  NUMBERS 
ON  BOTH  SIDES  OF 
POSSIBLE  INTERFACE 


SET  UPPER  LIMIT  FOR  SEARCH 
-  _  OF  GRPIFC  ARRAY  AND  RESET 
INTERFACE  CODE 


Figure  8.     Routine  RTSND  (Continued) 
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IBB  =  INDEX  FORGRPIFC 
SEARCH 


INCREMENT  INTERFACE  INDICATOR 
IKI-  IKI  +  1 


IBB-  IBB 
+  2 


GET  MASTER  GROUP  NUMBER 
FOR  POSSIBLE  INTERFACE 
IG1  =  GRPIFC  (IBB) 


IB1  =  IBB+  1 


I 


GET  SLAVED  GROUP  NUMBER 
FOR  POSSIBLE  INTERFACE 
IG2=  GRPIFC  OBI) 


NO 


RECORD  INTERFACE  FLAG  CODE 
FOR  THIS  INTERFACE 
INTF  (IJI)=  IKI 


INCREMENT  POSSIBLE  GROUP 
INTERFACE  COUNTER 
NINTFC=  NINTFC  +  1 


DOES  CURRENT  SUBNETWORK 
INTERFACE  MATCH  THIS 
POSSIBLE  GROUP  INTERFACE? 


YES 


SET  THIS  SUBNETWORK 
INTERFACE  AS  NONEXISTENT 
INTF  (IJI)=  -1 


Figure  8.      Routine  RTSND  (Continued) 
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r 


NOW  CULL  OUT  GROUP  INTERFACES  WHICH 
ARE  REALLY  SECTION  INTERFACES 


Ui  =  INDEX  ON  NUMBER  OR  REAL 
GROUP  INTERFACES 


& 


r 


1 


/'    THIS  GROUP 
<^      INTERFACE  OFF? 
\JNTF  flJI)  ^o^- 

'no 


I 


YES 


GET  GROUP  INTERFACE  CODE  I 
INDX-  INTF  (|J|) 


L 


GET  SECTION  INTERFACE  FOR 
THIS  GROUP  INTERFACE 
ISECIF  -  INFCR1  (INDX) 


y 


THERE  A 


/ 


NO 


POSSIBLE  SECTION^,  \_  (*7\ 
iKiTPPPArF?        /  *H  250) 


INTERFACE? 


Figure  b.      Routine   RTSND  (Continued 


]  02 


0 


RESET  COUNT  OF  NUMBER 
OF  GROUPS  IN  SLAVED 
SUBNETWORK 
ICOUNT-  0 


SET  SUBNETWORK  NUMBER 
OF  SLAVED  SUBNETWORK 
ISBNET=  IJI  +  i 


GET  FIRST  GROUP  IN  SLAVED  SUBNETWORK 
IG1  =  ISB  (1,  ISBNET) 


I 


GET  SECTION  IN  WHICH  GROUP  RESIDES 
IS=  GSECT  (IG1) 


FIND  ALL  OTHER  GROUPS  IN  THIS  SECTION 

IKI  =  INDEX  ON  GROUPS 

I , 


~^ii 


1     RESET  RECORD  OF  GROUPS  IN  SECTION 
|     ISECT  OKI)  =  0 


© 


Figure  8.      Routine  RTSND   (Continued) 
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INCREMENT  COUNT  OF  NUMBER 
OF  GROUPS  IN  SECTION 
ICOUNT  +  ICOUNT  +  1 


IK!  =  IKI  +  1 


I 


BUILD  TABLE  OF  GROUP 
NUMBERS  IN  THIS  SECTION 
ISECT  (ICOUNT)  =  IKI 


© 


DETERMINE  IF  ALL  GROUPS  IN  SECTION 
ARE  IN  SAME  SUBNETWORK 


IJJK  =  INDEX  ON  NUMBER  OF 

GROUPS  FOUND  IN  SECTION 


© 


3 


GET  GROUP  IN  SECTION 
INDX=  ISECT  (UJK) 


IS   THIS 

GROUP  IN 

SLAVED  SUBNETWORK? 

GSBNET  (INDX) 

=  ISBNET 

? 


YES 


O 


NO      " 


Figure  8.      Routine  RTSND  (Continued) 
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IJJk=  IJJK+  1 


ro 


CHANGE  INTERFACE  CODE  TO  INDICATE 
A  SECTION  INTERFACE 
INTF  (UK)=  NGRPIF+  ISECIF 


I  Jl  =  111  +  1 


Figure  b.     Routine  RTSND  (Continued) 
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298 


COMPILE  CYCLE  LENGTH  RANGES 
FOR  SUBROUTINE  LSTSQS  FOR 
EACH  SUBNETWORK 


T 


I  =  INDEX  ON  SUBNETWORKS 


TRUNCATE  SUBNETWORK  MAXIMUM 
CYCLE  LENGTHS  TO  NEAREST 
10  SECONDS  AND  SAVE  RESIDUE 
JCYCL  =  CYCL  (I) 

MCYCL  =  JCYCL 

IF  (MCYCL  >  100)  MCYCL  =  MCYCL  -  100 
KCYCL  =MCYCL/10*10 

KCYCL  =  MCYCL  -  KCYCL 


I 


ICYCLE=  0 


I 


TEST  RESIDUE  TO  ROUND  OFF 
TO  NEAREST  5  SECONDS 


ICYCLE  =  5 


ICYCLE=  10 


GET  SUBNETWORK  CYCLE  LENGTH 
ROUNDED  TO  NEAREST  5  SECONDS 
CY  0/  1)  =  JCYCL  +  ICYCLE  -  KCYCL 


Figure  8.      Routine  RTSND  (Continued! 
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SET  NUMBER  OF  AND  CYCLE  LENGTHS 
TO  BE  CONSIDERED  BY  SUBROUTINE 
LSTSQS  FOR  SUBNETWORK  fl) 
OPTIMIZATION 
NCYCLE  (I)  =  1 


I 


J=  INDEX,  SET=  2 


^m 


K  =  J-1 

CYC  0/  J)  =  CYC  0/  K)  +  5 


NCREMENT  INDEX  J 


YES 


NUMBER  OF  CYCLE  LENGTHS 
NCYCLE  0)  =  NCYCLE  (I)  +  1 


NO     ^^HAS  THE  DESIRED 

'NUMBER  OF  CYCLE  LENGTHS' 
BEEN  GENERATED 
? 


Figure  8.      Routine  RTSND  (Continued) 
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COMPUTE  SPLITS  FOR  ALL  CONTROLLERS 
IN  EACH  SUBNETWORK 


I 


llll  =  INDEX  ON  SUBNETWORKS 


©• 


I 


GET  SMALLEST  POSSIBLE  CYCLE 
LENGTH  FOR  SUBNETWORK 
CYCLE  =  CYC  QUI,  1) 


I 


COMPUTE  CONSTANT  FOR  DETERMINING 
GREEN  DEMAND 
CONS1  =  CONS  *  CYCLE 


J  =  INDEX  ON  GROUPS  IN  SUBNETWORK 


0 


■i  i 


GET  GROUP  NUMBER 
IGP=  ISB  (J,  llll) 


.^0 


Figure  8.     Routine  RTSND  (Continued) 
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CALL  IRTN 


RETRIEVE  LIST  OF 
-  ~     CONTROLLERS 
IGP.  INTRS,  ITKM     /  ,N  GROUP 


© 


INT  =  INDEX  FOR  CONTROLLERS  IN  GROUP 

^ -J 

GET  CONTROLLER  NUMBER 
ISN=  INTRS  (INT) 


RETRIEVE  CONTROLLER 
APPROACH  LINKS  BY 
PHASE,  CONTROLLER 
TYPE,  ND  PHASE 
TIMING  CONSTRAINTS 


RETRIEVE  SUM  OF 
FIXED  INTERVALS 
AND  TIME  OF  DAY 
CYCLE  LENGTH  FOR 
CONTROLLER 

RETRIEVE  CURRENT 
SPLIT 


Figure  8.      Routine  RTSND  (Continued) 
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CALL  GSACBC 
ISN,  SMACBC 


RETRIEVE  SUM  OF 
-   -    FIXED  INTERVALS 
IN  OVERLAPPING 
PHASE 


COMPUTE  RATIO  OF  TOTAL  TIME 

IN  CURRENT  CYCLE  TO  TOTAL  TIME 

IN  TIME  OF  DAY  CYCLE 

RATIO  =  (CYCLE  -  SUMT)/(CYCLS  -  SUMT) 


GABC  =  CYCLE  -  SUMT 


SCALE  ALL  RETRIEVED  PARAMETERS 
TO  BO  AND  PUT  THEM  IN  FLOATING 
POINT  FORMAT 


COMPUTE  TIME  AVAILABLE  IN  CYCLE 
FOR  A  AND  B  PHASE,  B  AND  C  PHASE, 
AND  A  ANDC  PHASE 
GAB  =  GAB  *  RATIO 
GAC  =  GBC  *  RATIO 


RESET  LINK  FAIL  FLAG 
IFAIL^  0 


i 


RESET  GREEN  DEMANDS 
GDA  =  GDB  =  GDC  -  0 


I 


ILN  =  INDEX  ON  APPROACH 
LINK  PHASING 


Figure  8.      Routine  RTSND  (Continued^ 
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0- 


ILN  = 
ILN+  1 


O 


GET  LINK  NUMBER 
IL  =  LINK  (ILN) 


I 


CALL  LDMOE5 
II,  VOL,  SPEED,  OCC 


CALL  LNKFL 


RETRIEVE  5-MINUTE 
VOLUME  AND 
OCCUPANCY 
FOR  THIS  LINK 


RETRIEVE  LINK 
FAILURE  FLAG 


IFAIL=  1 


Figure  8.      Routine  RTSND  (Continued) 
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occ=o 


COMPUTE  LINK  VOLUME  PLUS 

WEIGHTED  OCCUPANCY 

PV  (ILN)  =  VOL  +  OCC  *  OCCW  *  2  *  XD 


1 


NO 


NO 


COMPUTE  GREEN  DEMAND 
GDA=  PV  (1)  *CONSl 


Figure  8.      Routine  RTSND  (Continued! 
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NO 


COMPUTE  GREEN  DEMAND 
TEMP=  PV  (2)  *  CONST 


SET  CRITICAL  A  PHASE  DEMAND 


GDA  =  TEMP 


DOES 
PHASE  Bl 
LINK  EXIST? 
J.NK3/  0 

YES 


NO 


COMPUTE  GREEN  DEMAND 
GDB  =  PV  (3)  *  CONST 


Figure  8.      Routine  RTSND  (Continued) 


113 


NO 


COMPUTE  GREEN  DEMAND 
TEMP=  PV  (4)  *CONSl 


SET  CRITICAL  B  PHASE 
DEMAND 


NO 


GDB=  TEMP 


DOES 

I  PHASE  LINK 

EXIST? 

LNK5/0? 


YES 


NO 


COMPUTE  GREEN  DEMAND 
GDC  =  PV  (3)  *  CONS1 


Figure  8.     Routine  RTSND  (Continued) 
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USE  TIME  OF 
DAY  SPLIT 


K3PH?  > TEST  CONTROLLER  TYPE 


SPLIT  DETERMINATION  FOR 
TWO-PHASE  CONTROLLERS 


I 


COMPUTE  MINIMUM  AND  MAXIMUM  SPLIT 
SPTMNA=  GAMIN/GABC 
SPTMXA  =  (GABC  -  GBMIN)/GABC 


I 


COMPUTE  CURRENT  A  AND  B  PHASE  DURATIONS 
GA=  SPLIT*  GABC 
GB  =  GAB  -  GA 


Figure  8.     Routine  RTSND  (Continued) 
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COMPUTE  PHASE  SATURATION  LEVELS 
TESTA  =  GDA/GA 
TESTB  =  GDB/GB 


COMPUTE  CYCLE  SATURATION  LEVEL 
TESTH  =  (GDA  +  GDB)/GABC 


UNDERSATURATED:    USE  SATURATED:    USE 

TIME  OF  DAY  SPLIT  ,f  TIME  OF  DAY  SPLIT 

/-->.<  SATHLW^^\.<SATHRH     x~v         \ 
'50001—  ■-- <TESTH?>-      — »-f  5000J-  J 


>SATHLW 
<SATHLW 


NO  SPLIT  CHANGE 
NECESSARY        ; 


SPLCHT 

(NO(SPLIT  CHANGE  IS  NECESSARY) 


CALL  TOFAZE 


ALLOCATE  PHASE  TIME 
ACCORDING  TO  GREEN 
GAB,  GDB,  GDA,  GAMIN  J  -  -     DEMANDS  SUBJECT  TO 
GBMINTGATGB  /  MINIMUM  PHASE 

DURATIONS 


COMPUTE  NEW  SPLIT 
SPLITA^  GA/GAB 


LIMIT  SPLIT 


Figure  8.      Routine  RTSND  (Continued) 
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I 


<SPTMNA    ^       \>  SPTMXA 
SPLITA?, 


SPUTA  =  SPTMNA 


SPUTA  =  SPTMXA 


^SPTMNA 
^  SPTMXA 


470 


COMPUTE  SPLIT  FOR  THREE  PHASE  CONTROLLERS 


I 


COMPUTE  MINIMUM  AND  MAXIMUM 

SPLITS  FOR  A,  C,  AND  A  +  C  PHASES 

S  PTM  N  A  =  G  AM  I N/G  ABC 

SPTMXA  =  (GABC  -  GBMIN  -  GCMIN)/GABC 

SPTMNC  =  GCMIN/GABC 

SPTMXC  =  (GABC  -  GBMIN  -  GAMIN)/GABC 

SPACMN=  SPTMNA  +  SPTMNC 

SPACMX  -  (GABC  -  GBMIN)/GABC 


I 


COMPUTE  CURRENT  PHASE  DURATIONS 
GA=  SPLIT  *  GABC. 
GC  =  SPLIT2  *  GABC 
GB  =  GABC  -  GA  -  GC 


I 


COMPUTE  PHASE  SATURATION  LEVELS 
TESTA  =  GDA/GA 
TESTB  =  GDB/GB 
TESTC  -  GDC/GC 


Figure  8.      Routine  RTSND  (Continued) 
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COMPUTE  CYCLE  SATURATION  LEVEL 
TESTH  =  (GDA  +  GDB  +  GDQ/GABC 


UNDERSATURATED:    USE 
TIME  OF  DAY  SPLIT 

1 [5000  W 


OVER  SATURATED:    USE 
TIME  OF  DAY  SPLIT 


^T^X.  >  SATHRH  f~\ 
TESTH  ?^>  ^H5000j 


*  SATHLW 
<SATHRH 


TEST  IF  SPLIT  CHANGE  NECESSARY 


NO  SPLIT  CHANGE 
NECESSARY 

! 

-  J 


NO  (SPLIT  CHANGE  IS  NECESSARY) 


R15  =  GDC  *  GABC/(GDA  +  GDB  +  GDC) 


YES 


R13=  GABC  -  GAMIN  -  GBMIN 


R15=  GCMIN 


YES 


Figure  8.      Routine  RTSND  (Continued) 
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'cc 


GC=  R13 
GA=  GCMIN 
GB  =  GBMIN 


i 


GC    -  R15 

GAB  =  GABC  -  GC 


CALL  TOFAZE 


GAB.  GDB,  GDA,  GAMIN 
GBMIN,  GA,  GB 


COMPUTE  SPLITS 
SPLITA    =  GA/GABC 
SPLIT2A  =  GC/GABC 


I 


LIMIT  SPLITS 


I 


<  SPTMNA  ^L|TA>    >S 


SPLITA  = 
SPTMNA 


>SPTMNA 
<SPTMXA 


SPLITA  = 
SPTMXA 


<  SPTMNC  sSL.  ITO>>-  >  SPTMXC 
J5PLIT2A 


SPLIT2A  = 
SPTMNC 


^SPTMNC 
^SPTMXC 


SPLIT2A  = 
SPTMX 


Figure  8.      Routine  RTSND  (Continued! 
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COMPUTE  A  +  C  SPLIT 
SPLTAC  =  SPLITA  +  SPLIT2A 


l 


-^PLTACV    >SPACMX 


SPUTA    =  SPTMNA 
SPLIT2A  =  SPTMNC 


*  SPACMN 
sSPACMX 


1 


SPLITA    =  SPTMXA 
SPLIT2A  =  SPACMX  -  SPLITA 


Figure  8.      Routine  RTSND  (Continued) 
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COMPUTE  SPLIT  FOR  A,  C  PHASE 
OVERLAP  CONTROLLERS 


COMPUTE  MINIMUM  AND  MAXIMUM  SPLITS 

GABC 

=  CYCLE  - 

SUMT 

VARAMN 

=  GAMIN 

-  SUMA 

ACMIN 

=  SMACBC 

+.  VARAMN 

SPTMNA 

=  ACMIN/GABC 

SPTMXA 

=  (GABC  - 

GBMIN)/GABC 

COMPUTE  CURRENT  PHASE  DURATIONS 

GAC 

=  SPLIT  ' 

fc  GABC 

GB 

=  GABC 

-  GAC 

GA 

=  GAB- 

GB 

GC 

=  GBC- 

GB 

COMPUTE  PHASE  SATURATION  LEVELS 
TESTA  =  GDA/GA 
TESTB  =  GDB/GB 
TESTC  =  GDC/GC 


I 


COMPUTE  CYCLE  SATURATION  LEVELS 
TESTH    =  (GDA •+  GDBJ/GAB 
TESTH2  =  (GDC  +  GDB)/GBC 


:TESTH2?>  >TESTH».|  TESTH  =  TESTH2 


TESTH 


Figure  8.     Routine  RTSND  (Continued; 
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UNDERSATURATED:    USE 
TIME  OF  DAY  SPLIT 

I 


.OVERSATURATED:    USE 
TIME  OF  DAY  SPLIT 


/^\<SATHLW/\>SATHRH/^^\ 
(5000  W— <^ESTH^>— -^OOOj 


I 


£  SATHRH 
>  SATHLW 


TEST  IF  SPLIT  CHANGE  NECESSARY 


NO  SPLIT  CHANGE 
NECESSARY 


NO  (SPLIT  CHANGE  IS  NECESSARY) 


CALL  TOFAZE         \    APPORTION  A  AND  B  PHASE 

GAB,  GDB,  GDA,  GAM^   l™*£f^\°0 
mm,  GA,  GB  /    DE^ND.  SUBJECT  TO 

DURATIONS 


CALL  TOFAZE 


GBC,  GDB,  GDC,  GA,  GCMIN, 
GBMIN,  GC,  GB3 


GB=  GB 


GA  =  GAB  -  GB 


Figure  8.      Routine  RTSND  (Continued) 
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COMPUTE  SPLIT 
GABC   =  CYCLE  -  SUMT 
GAC     =  GABC  -  GB 
SPUTA  =  GAC/GABC 


I 


^"SPL!TA?V>SP™XA 


SPLITA=  SPTMNA 


SPTMXA 


^SPTMNA     j  SPUTA  =  SPTMXA 


SPLIT  DETERMINATION  FOR  B,  C 
OVERLAP  CONTROLLERSt 


COMPUTE  MAXIMUM  AND  MINIMUM  SPLIT 
GABC       =  CYCLE  -  SUMT 
VARBMN  =  GBMIN  -  SUMB 
BCMIN     -  SMACBC  +  VARBMN 
SPTMXA  =  (GABC  -  BCMIN)/GABC 
SPTMNA  =  GAMIN/GABC 


GBC  IS  TIME  AVAILABLE  FOR  A  AND  C  PHASES 


Figure  8.     Routine  RTSND  (Continued) 
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COMPUTE  CURRENT  PHASE  DURATIONS 
GA=  SPLIT*  GABC 
GB  =  GAB  -  GA 
GC  =  GBC'  -  GA 


I 


COMPUTE  PHASE  SATURATION  LEVELS 
TESTA  =  GDA/GA 
TESTB  =  GDB/GB 
TESTC  =  GDC/GC 


I 


COMPUTE  CYCLE  SATURATION  LEVEL 
TESTH    =  (GDA+ GDB)/GAB  + 
TESTH2=  (GDA+  GDQ/GBC 


UNDERSATURATED:  USE 
TIME  OF  DAY  SPLIT 


5000 


>TESTH 


TESTH 


TESTH  =  TESTH  2 


<SATHLW/     \>SATHRH 

TESTH?  ) -*-(  5000 


*SATHLW 
^SATHRH 


OVERSATURATED:    USE 
TIME  OF  DAY  SPLIT 


DETERMINE  IF  SPLIT 
CHANGE  NECESSARY 


NO  SPLIT  CHANGE 
TESTA \    ALL     SPLCHT        NECESSARY 
AND  TESTB  X  S^\         « 

AND  TESTC  ?  / »-U30)  _  _, 


ANY  >  SPLCHT  (SPLIT  CHANGE 
NECESSARY) 


HH 

fGBC  IS  TIME  AVAILABLE  FOR  A  AND  C  PHASES 

Figure  8.      Routine  RTSND  (Continued) 
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CALL  TOFAZE 


GAB,  GPA,  GDB,  GBMINj 
iGAMIN,  GA,  GB 


CALL  TOFAZE 


GB£!,  GDA,,GD£,  GCMIN, 
GAMIN.  GA   ,  GC 


APPORTION  SPLIT  FOR  A  AND 
B  PHASE  ACCORDING  TO 
DEMAND  SUBJECT  TO  CON- 
STRAINT OF  MINIMUM 
PHASE  DURATIONS 

APPORTION  SPLIT  FOR  A  AND 
C  PHASE  ACCORDING  TO 
DEMAND  SUBJECT  TO  CON- 
STRAINT OF  MINIMUM 
PHASE  DURATIONS 


COMPUTE  SPLIT 
GB        =  GAB  -  GA 
SPLITA=  GA/GABC 


LIMIT  SPLIT 


<  SPTMNA/    \    >SPTMXA 
SPUTA 


SPUTA  =  SPTMNA 


SPTMNA    r 


^SPTMXA.    SPUTA  =  SPTMXA 


m; 


GBC  IS  TIME  AVAILABLE  FOR  A  AND  C  PHASES 


Figure  8.      Routine  RTSND  (Continued) 
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CALL  SPLPK 


ISN,  SPLITA,  SPLIT2A 


STORE  NEW 

WORKING 

SPLITS 


I 


SET  FLAG  FOR 
REOPTIMIZATION 
IREOPT  =  1 


(50  V*- 


INT=  INT+  1 


51 


J=  J+  1 


1111=  llll  +  1 


STORE  TIME 
-  OF  DAY 
SPLITS 


CALL  SPLTWP 


ISN 


U3H       U49) 


SET  REOPTIMIZATION 
REQUIRED  FLAG 
IREOPT  =  1 


Figure  8.     Routine  RTSND  (Continued) 
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NSUBO=  NSUB 


NDEX  FOR  SUBNETWORKS 


=  1 


TEST  FOR  CYCLE  LENGTH  CHANGE 
EXCEEDING  THRESHOLD 
TEST=  ICYCLO  0)  -  CYCL  0)1 


^CYTH 


IREOPT  =  1 


1_ 


CYCLO  (!)=  CYCL  0) 


Figure  8.      Routine  RTSND  (Continued) 
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1=  INDEX  FOR  INTERFACES 


PREVIOUS 
'AND  PRESENT  INTERFACE 
GS  FOR  INTERFACE  I  DIFFEREI 
I.E.,  IS  INTFO  (I) 
>INTF  (l)> 

NO 


YES 


SET  FLAG  FOR 
REOPTIMIZATION 
IREOPT=  1 


INTFO  (l)  =  INTF  0) 


NO 


»YE»»r    RETURN     J 


Figure  8.     Routine  RTSND  (Concluded) 


128 


13 


en 

0) 

T3 

T3 

G 

C 

0 

O 

u 

CJ 

<u 

0> 

W 

en 

g 


en 

cj 

<v 

<u 

1 — 1 

CO 

en 

u 

Jh 

•  rH 

u 

3 

X 

d 

O 

0) 

0 

X 

> 

^ 

cu 

— 1 

en 

en 

en 

en 

en 

en 

en 

en 

u 

T3 

■n 

T3 

TJ 

1 

TJ 

T3 

T3 

l-l 

C 

c 

C 

c 

C 

C 

g 

X 

O 

o 

O 

0 

0 

O 

O 

O 

0) 

CJ 

CJ 

o 

U 

u 

CJ 

CJ 

o 

> 

CD 

a; 

<u 

V 

CU 

CD 

CD 

a 

U) 

en 

en 

en 

en 

en 

en 

en 

Q 

CO 

H 

<u 

c 

•  r-4 

+-> 

o 


T3 
0) 
en 

en 

0) 


z 


X 

> 


cu 

Q 


ro 


en 

en 

CU 

CU 

0) 

S-, 

en 

en 

•  rH 

CJ 

X 

'    «J 

rd 

d 

u 

X 

X 

cr 

nj 

rt 

Oh 

CU 

CU 

rH 

>> 

u 

CU 

c 

0 

0) 

t 

u 

1 

u 

£ 

3 

cu 

O 

•  I-l 

a! 

o 

C 

cj 

rd 

T3 

d 

£ 

u 

v-. 

N 

•  r-l 

en 

•  rH 

*-rH 

c 

c 

% 

« 

O 

CU 

g 

<— 4 

J- 

MH 

rti 

rt 

'O 

T) 

"y. 

Uh 

6jD 

nj 

<u 

rd 

i 
< 

i 

PQ 

T3 
CU 

4-J 

CU 
-4-1 

c 
cu 

£ 

CO 

a 

CO 

C 

•  r-l 
-4-J 

a 
o 

rH 

H 

c 

r— 1 

1—1 

0 

!h 

-4-> 

rH 

H 

M 

aX) 

CJ 
•  i-l 

£ 

'o) 

bo 

H 

X 

,c 

•  r-l 

c 

•  »-l 

•  .-I 
en 

•  rH 
en 

0> 

cu 

1 — 1 

a. 
£ 

•  I-l 

cu 

X 

O 

u 

•4-j 
•  rH 

c 

1— 1 

CO 

-4-1 

C 

3 

cu 

0 
CJ 

c 

C 
•  -h 

en 

a 
£ 

0 

u 

en 

en 

£ 

o 

CJ 

en 

!h 
(X 

n 
•i-j 

c 
o 

Sh 
0 
0) 
X 

<^_i 
o 

cu 

t— 1 

u 
u 

en 

(U 

-4-» 

en 

CU 
CU 

>■ 

CJ 

0 
s- 

-t-l 

en 
en      • 

0 

1—4 
1—1 

03 
X. 

1 — 1 

V*H 

0 
X, 

4-> 

O 

r— 1 
OS 

X 

+J 

HH 

c 

Li 

c 

Fh 

-4-> 

+j 

cu 

cu 

a  « 

tX) 

DO 

00 

CU 

Q 

0) 
0) 

CU 
r— ' 

<u 
cu 

cu 

1— 1 

CJ 

ll 

c 

OJ 

CJ 

£ 
•f-i 

CU 

cu 

•4-> 

tn    £ 

c 
<u 

1—4 

c 
cu 

c 

<u 

£ 

0 

u 

£ 

'o 

Jh 

T3 

CU 

0 

-(-> 

JQ 

-o 

X 

cu 

r— 4 

cu 

•  rH 
-4-J 

-4-> 

•  rH 
-t-> 

•4-1 

u 

-4— 

a 

CO 

Z 

0 

'0 

•4-) 

c  ^ 

DC 

C 

1— I 
CJ 

CJ 

u 

Uh 
O 

o 

CJ 

<*H 

0 

O 
CJ 

-4-> 

c 

cu 

a. 

u 

cu 

O 

en 

CJ 

0     Jh 

-—    0 

CU 

1—4 

>> 

CJ 

>• 

u 

u 

c 

cu 

c 

CU 

CJ 

0> 

-*-» 

u-i 

0) 

~  ^ 

0) 

U-i 

, 

,_, 

"*H 

o 

•  1-4 
-t-> 

u 

>^ 

■4-J 

CM 

II 

0 

•  r-1 
-4-> 
OJ 

T3 

on 

II 

u 

cu 
cx 

c 

0 

£ 

o 
o 

0 
•*-> 

l-H 

cr 

CU 

o 

■4-> 
I— 1 

cr 

GjO 

c 

CU 

f— ' 

<u 

o 

>^ 

0 

r— | 

0 

> 

A! 

0) 
CJ 

:yc  (I, 

subnet 

o 

CD 

> 

cu 
o 

0) 

£ 

-4-> 

a, 

0 

value  o 
e  Mode 

- 

£ 
3 

Oh 

T3 

i— i 

o 

en 

CU 
Si 

H 

1 
CO 

c 
u 

0 
<+H 

CU 

c 

o 
C 

cu 

<u 
-t-> 

0 

u 
o 

en 

u 
cu 

U    en 

•  r-4 
(4-1 

o  *-* 

T3 

Vl-H 
0 

£ 

> 

■r-4 

cn 

M  ax  imum 
group. 

•i— < 

•  r-4 
2 

O 
mh 

£ 

•i-i 

c 

•  r-l 

2 

CO 

O 
>*-l 

en 

-4-> 

o 

(Tj 

-*-J 

en 

C 
0 

U 

1 — 1* 

u 

•  1-1 

<u 

> 

en 

C 
0 

U 

en 

cu 

> 

•*-> 
cu 

c 

r-l 

en 

£ 

cu 
c 

CO 

-4-" 

en 

CU 

Value 
where 

CU 

£ 

•I-l 

£ 

2 

0 

a 

cn 

cu 

Cm" 

Minim 
Respoi 

rO 
0) 

H 


in 
■^  oo 


CX5 


^     co 


,-.        ^h  C30 


z 

z 

r— ; 
r— 1 

w 

o 

CO 

< 

X 

l-H 

r— 1 

(—1 

0 

CO 

CO 

' 

J 

J 

r-l 

rJ 

2 

< 

2 

2 

2 

^ 

a 

r^ 

Z 

u 

u 

u 

u 

u 

u 

2 

u 

u 

u 

ffi 

K 

0 

O 

^ 

>i 

> 

>H 

>H 

>H 

^ 

>H 

< 

PQ 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

129 


CO 

I 

o 


d 
ID 


X 
d 
O 
O 

CD 

to 


co 

X 

d 
O 

u 

CD 
03 


d 

CD 
u 
m 

0) 


co 

X 

a 
o 
u 

D 
en 


co 
X 
fl 
O 
CJ 
0) 
CO 


CO 

X 
d 
O 
CJ 

a) 

CO 


CO 

XI 
d 
O 

o 

co 

CO 


CO 

X 

a 
o 
o 

cu 

CO 


co 

X 

d 
o 
u 

CU 

co 


co 

X 

d 

o 
u 
u 

co 


co 

X 

a 
o 
o 

CD 
co 


CO 

co 

co 

CO 

X 

X 

X 

X 

C 

a 

a 

a 

0 

o 

0 

0 

cj 

u 

cj 

a 

CD 

CD 

CD 

CD 

co 

CO 

co 

CO 

X 

0) 

d 

•4-> 

o 
U 

Q 

CO 

H 

pc; 

CD 

d 

•  rH 

4-> 

o 


X 

CD 

co 
co 

CD 

S 

cd 


cd 

■  rJ 

cd 
> 


CD 

Q 


CD 

Q 


d  2 

^   co   d 

O    CD  +j 

^,d 


d    . 

CD     CJ 


cj  X 
O    CD 

d  •*-> 


W)   CD 

s  I 

CO    i— I 

rd  cd 

CJ     > 


u 

U 
CD 
$ 

X 

d 

cd 


CD 


2  o 

O  co 

co  cd 

(D 

I* 

•r-i  o 

cu  £T 


CO 

CO  "^ 

cd  S 

4J  Ph 

CO  O 

03  CD 

•— •  Jh 
CD 

-4->  HM 

o  >* 
*u 

CD  ^ 

r^  CD 


CD 


u 


cj  X 

>,  CD 

O  CO 

cd  co 


6fi 
d 
CD 


CJ 

CJ 

>^ 

Cti 

X 
i 


d 
CD 


CJ 
>> 
CJ 


0) 

-t-> 
CO 

X> 
CO 


CD      !> 


d 

o 
+-> 

cd 

X 
d 

CD 
CD 

bX) 


C  CD 

O  co 

£  cd 

«  J? 

cd  Ph 


co 
CD 
co 

cd 

Ph 

PQ 

X 

d 

cd 

i 

< 

O 


CJ 

o 

u 

CO 

I— I 

o 

+-> 

d 
o 
u 


cd 

•  r-l 

> 

cd 


a   U 


*H 


i 


d 

CD 
CO 
U 
bJD 


X 

c 

cd 


i 

PQ 


i 

< 

o 


u 

>> 

CJ 

fH 

CD 

I— 1 
I— t 

O 

U 
h-> 

d 
o 

CJ 

d    . 

•H  e 

CO    CD 
i— i    CD 

•S  * 

•  t-H 

5  s 

■*5 

CD    rC 


x 


i 

i 

< 

o 


u 

V 

x 
i 

Vt-I 

o 
i 

CD 


^3 


■5 

CD   ^J 


H  U     H  U 


CD 

+-> 

CNJ 


X 

Ph 
CO 

o 

co 

co 

CO 

cd 

6 

X 

c 
cd 


CO 

co 

id 

a 
£    • 

C    co 

°  ^ 
"  o 

.H      O 

H  cj 


CD 
CO 

cd 

a. 
i 


cd 
X 


I-J      3 


o      cd 
.2    -a 


<D 
CD 
M 

<D 
CO 

cd 

Ph 
i 

PQ 


cd 

i — i 

cd 
> 
a) 

CD    j 

£    CD 
"-<     CD 

co    bD 

uS 

O^ 

.Ph 
CO      I 

Jh  CJ 

CD 

23  xi 
j_   cd 


o  o 

M-(    CJ 


cd 

I — I 

■7-1 

cd 
> 
cd 

CO    ^ 

S    co 

•i-1  CD 
+*  !h 
CO     COO 

u  S 

-Ph 

CO      I 

-H     U 

CD 

u   <d 


C     ' 

c   !. 

o  PQ 

o  < 

u  . 

CJ 

Jh 

u 

CD     O 

CO    o 

^  CD 

^  CO 

■^    rZ 

■^    rZ 

CNJ     CJ 

CO     u 

>> 

>■> 

II      CJ 

II      CJ 

E  Si 

K  Jl 

Oh  iJ 

Pnii 

ro  — < 

en  ,r* 

M  2 

M  2 

Ph   cj 


CD 
CO 

cd 

i£ 

PQ 


p 
o 

•  H 
H-> 

cd 

Jh 

X 

C 
co 

CD 
U 

&£ 

CO, 

co 

rd 
X, 
Ph 

i 

u 


x 
cd 

g 

co 
X 

d 
o 

<D 

^H 

cd 

o 

M 

a 
a, 

cd 

r-H 

cd 
cj 


u 
u 

CD 
CO 

cd 
Ph 


5      < 


CO 


cd 
H 


U 

^ 

w 

z 

z 

53 

ffi 

u 

u 

u 

u 

(—1 

t— 1 

i— i 

H 

H 

< 

PQ 

PQ 

PQ 

u 

2 

u 

2 

S 

< 

>* 

^ 

P£j 

<     < 

< 

< 

< 

< 

PQ     PQ 

PQ 

u 

u 

Q 

U 

W 

h 

0    O 

a 

0 

0 

a 

a  o 

a 

a 

a 

a 

130 


co 

tn 

X 

X 

c 

G 

o 

0 

u 

u 

cu 

CU 

CO 

CO 

£      z  Z  Z  z,  z  z 


CO 

co 

X 

X 

C 

C 

0 

O 

O 

CJ 

cu 

CU 

CO 

CO 

< 

z 


< 
z 


< 
z 


CO 

CO 

CO 

co 

x 

X 

X 

x 

c 

fi 

C 

c 

o 

O 

0 

o 

u 

U 

0 

CJ 

0) 

o 

CU 

CU 

CO 

co 

CO 

CO 

X 
CU- 
CS 

.s 

c 
o 

u 

Q 

CO 

H 

CU 

P 
•r-i 

CJ 

o 


X 

CU 

co 

p 

co 

cu 

s 

rt 

2: 


X 

■i-i 
> 


0 
Q 


<u 
Q 


X 

c 


0) 
X 

P 

CU 

cu 
u 
GO      M 


X 

o 

rt 
o 

rH 


Jh 

u 

cu 

co 


X 
P 

cu 

X 

C 

cu 

CU 


•6 

rt 
O 

Jh 


rt      rt 

rt     a 


u 

cu 
en 
rt 

X 


Ph     Oh 

CQ    U 


p 
o 

co 

Jh 

<v 

X 

£ 

CJ 

n 

P 
O 
Jh 
GO 

GO 
C 


GO 
co    « 

v  £ 

a  a 
cj  cs 
0   o 

Jh     Jh 

go  go 

^  X 
o   U 

03  ?! 
Jh  a 

a° 

^£ 

>> OT 

u  rt 

<    CU 


CO 

GO 

P 

o 

1—1 

cu 
X 

a 
cJ 
o 

Jh 

GO 
+-> 

p 
<u 
Jh 
Jh 

CJ 
u 

X 
<J 
rt 
cu 

X 

u 

•  rH 

x 
o 

Jh 

CU 


cJ 
p 

r* 
Jh 

o 

-t-> 

cu 
C 

■§ 


co 
GO 
P 

o 

1—1 
0) 
Xi 

a 

cs 
o 
u 
to- 

X 
u 

rt 

cu 

X 
cj 

•T-l 

X 


CU 

X 

£ 

0 

p 

c 
o 

•rH 

+-> 

o 

cu 


CO      CO 


X 
cu 

X 

c 

a 
o 
o 

o 
Q 


CJ 
X 
C 


X 
cu 
X 
P 


o 
Q 


o 


X 
CU 
CO 

co 
cu 
u 

o 

U 
CO 

Ph 

CJ 
O 

Jh 
GO 


Jh 

cu 
X 

£ 

p 


CQ 
T3 

"rt 

o 

CO 


^.     X 


CQ 

X 

O  2 
rt 
CJ 
en 

X 
GO 

p 

cu 


u 
o 


a    a    m   "£ 
o     o    .S     S 


tf    u 


GO 

c 

CU 


CJ 
CJ 

>^ 

rt 
I 

<H-H 
O 
I 

cu 


c 

cu 

Jh 
Jh 

CJ 

U 


X 

CJ 

rt 
O 

Jh 

a 
a, 

rt 

Jh 
CU 

i-H 
O 
Jh 

H-> 
C 

c 
u 

rt 

C 
o 

X 

c 


c 
rt 


cu 
to 

GO 
rt 

^    rt 

^^ 

C  co 
•h  rt 
>-l  X 


Jh  Jh 

CU  <U 

X  X 

£  £ 

CJ  CJ 

c  c 


o 

Jh 

CO 


CU 

GO 

rt 

Jh 
O 


Ph 

CJ 

o 

Jh 
GO 

Jh 
O 

H-H 
<U 

60 

rt 

Jh 

o 


,~~     cu 


x) 
cu 

rt 
o 
co 


co 

0) 
co 
rt 
X 

Oh 
I 

CQ 
c 

rt 


CO      CO 


X 
rt 
i— ' 

rt 
> 

rt 

cu 

£ 

H 


cu 

•'i 

CO 

FQ 

rt 

X 

X 

Oh 

cU 

l 

rt 

u 

CJ 

!/) 

X) 

' 

c 

<1> 

rt 

(0 

CQ 


<     < 


cu      cu 


X 
rt 

•I-H 

rt 
> 
rt 


rt 

& 

i 
< 


cu 

Ph 
CO 


E 

Ph 
ro 

Jh 

o 

>H-C 

CO 

0) 

co 
rt 
X 
Oh 
l 

U 

x 
p 
rt 

t 

CQ 

Jh 

o 


X 
rt 


CQ 

X 
CU 

r— > 

rt 
u 
co 


CO 

S?  cu 
>  i— i 
rt~ 

0)      Jh 

£  p 

•rH  O 
H        U 


cu 

Ph 
4-i 
CO 


Ph 


co 

CJ 

CO 

rt 

X 

Ph 
I 

U 

x 
a 

rt  ^ 

<  ffl 

Jh    "O 

o,S 

^  1^ 

cu  o 

•— '     CO 
X  -— 

^2    co 

.rH       U 
g       « 

^^ 
<U        rH 

E  c 
PS 


ro 


X 
rt 

rH 


CM 

■»-<         "I-I  tH  \£)         s£) 


cu 

n 

«<rH 

r< 


u 

h 

i— i 

CQ 

u 

Ph 

Q 

Q 

tf 

a 

a 

a 

H 

H 

W 

yt 

W 

H 

^ 

rJ 

> 

CO 

rj 

I-H 

u 

HH 

<i 

U 

!D 

u 

CQ 

CQ 

% 

u 

w 

w 

CQ     - 

0 

r^ 

^ 

< 

"TH            CM            < 

< 

< 

CQ 

CO 

a 

CO 

CQ     CQ 

U 

u 

U 

rXH 

oca 

0 

a 

a 

131 


CU 
3 
3 


en 

03 

TJ 

-a 

C 

fl 

0 

o 

u 

o 

<u  . 

CU 

en 

Cfi 

£       ZZZZZZZZ       Z         z    z   z    z 


< 

Z 


c 

o 
U 

Q 

CO 

H 
3 

•I-I 

4-> 
3 

o 


<L) 
en 

en 
0) 


Z 


•i-i 
> 


CU 

Q 


4-> 

•  r-H 

T3 

ft 

4J 

c 

0 

+4 

rC 

3 

•  i-i 

3 
0 

£ 

en 

4-> 
C 

u 

•1-4 

o 

bC 

« 

<u 

rC 

1*4 

3 

be 

Li 
0 

£ 

£ 

0 

CU 

■,; 

5 

4-1 
ft 

c 

•  1-1 

4J 

CU 

c 

-0 

3 
en 

ber   (input  argu 

5). 

u 

•  r4 

be 

o 

cj 

•  r-l 

bX) 
0 

CU 

o 
rt 

"4-1 

u 
cu 

4-J 

c 

Li 
4-> 

3 
cu 

3 

< 

4-1 

o 

4-> 

en 
C 

o 

3 
O 

T3 
CU 
i — i 

cj 

T3 
CU 
i—i 

cj 

Ll 
cu 

43 

£ 

3 

•  r4 

£ 
L 

CU 

u 

>4-l 

cu 
u 
rt 

"4-1 
U 

•r4 

3 

o 

4-J 

CJ 

cu 

CJ 

ft 

en 

cu 

Li 
Li 
0 
CJ 

cu 

CJ 

<-l-4 

L< 
CU 

•  r4 
+■> 

.r-l 

fi 

•  i-l 

cu 

Q 

en 

0) 
en 

ft 

en 

cu 
en 

a 

ft 

3 
3 

ft 

3 
0 

Ll 
fcfl 

0 

1*4 

u 

0 

<4-l 

en 
ft 

6 

•1-4 

ox) 
0 

cu 

CJ 

en 
M 

u 
o 

link  num1 
.  LDMOE 

en 
X 
C 

•  r-l 

u 

X 
cu 

T3 

CU 

4-> 

c 

•  r4 

3 

•  r4 
!-, 

0) 

cu 

4-> 

3 
3 

•  r4 
*4 

cu 

cu 
en 

bo 
3 

'> 

be 

Li 
CU 
4-J 

c 

•  r-l 

ft 
3 

en 

L 
CU 

pq 

1 

U 

Ll 

3 
O 

i-« 

4-4 

cu 

en 

ft 

0 

.£ 

£ 

43' 

£ 

>- 

O 

Li 

4-> 
C 

O 

L. 

<+4 

v-i 

0 

*-t-4 

J-t 

Ll 

c 

3 

£   rt 

h 

CU 
CJ 

rt 

OJD 

""' 

4-J 

o 

o 

bC 

CU 

42 

0 

CO      rA 

ft 

3 

3 

Li 

rC 
(J 

c 

C 

CU 

4-> 

3 

u 

ft 

3 

3 

Li 

o 

O 

3 

o 

•r-l 

3 

0 

.i-i 

bo    . 

tz 

CU 

4-> 

•  1-1 

c 

•  r-l 

X 

en 

3 

OjD 

3 

2& 

ft) 

<*4 
^4 

ft 
3 

ft 
3 

rt 

cu 

rt 

CU 

•  *4 
4-> 
U 

u 
3 

4-> 

u 

4-> 

L 

en  ft! 

•  i-i 

X 

O 

X 

0 

X 

X 

0  ^ 

en  " 

o 

X 

X 

cu 

4-J 

3 

O 

*4 

tuO 

0 
do 

CJ 

C 

o 

4-1 

CU 
en 

0 
X 

3 

? 

>— t 

cu 

<D 

cu 

CU 

cu 

CU 

cu 

cu 

}-, 

en 

0 

cu 

T3 

T3 

>-  „, 

rt 

TJ 

X 

T3 

T) 

T3 

TI 

>^  w 

XI 

T3 

^H 

>H 

Li 

CU 

X 

C 

TJ 

h  2 

CJ 

3 

G 

3 

3 

C 

c 

^   v 

3 

■  C 

0 

0 

0 

<*~t 

C 

->-> 

,. 

C 

G 

3 

n)   « 

<*4 

nj    C 

•  r-l 

•  r4 

<+H 

u-i 

<4H 

0) 

0 

a 

cu 

•  r4 

3 

Ll     4J 

O 

ft 

ft 

ft 

ft 

ft 

ft 

^  "4^ 

ft 

ft 

cu 

CU 

cu 

L 

ft4: 

u 

ft 

•  i-4 

C 
.i-l 
fe-4 

£ 
'£ 

•  r-l 

0      3 
ft    O 

cu  3 

nJ 

u 
Li 

0 

o 
o 

o 

0 

o 

O 
O 

r— 1 
O 

0 

o 

I— ( 
0 

0 
0 

0 

o 
o 

1 — 1 

o 

0    3 
ft  0 

££ 

cu  3 

0 
O 
i— i 

0 

0 

o 

t— 1 
0 

0 

4-> 

rt 

^4 

O 
4-> 

M 

u 

0 

en 
en 

0 

L 

en 

CU 
L 
Li 

0 

4~J 

en 

cu 

4-J 

J5 

^+4 

Li 
CU 

4-J 
C 
r4 

0 

o 
o 

3 

2 

£ 

H  co 

< 

Q 

Q 

Q 

Q 

Q 

Q 

H  co 

Q 

Q 

CO 

CO 

CO 

u 

u 

CJ 

Q 

c 
•i-j 
en 

cu 

£ 

CO 

•i-i 

Q 

in 

^-H 

^  z 

KH  I— t 

pq  U    ft 

O  O    O 


ft 
Ph     '-, 

1—4  r— 1 


kh      t-n      t-H 

X 

X 

X 

K 
U 

^         _        Q 

Q 

Q 

ft 

H,        1-,        W         I-I 

J        2        £ 

Z 

g 

^ 

H 
Z 


132 


X 
CD 

a 

•t-i 

G 

o 

U 

Q 
Z 

CO 

H 

CD 

.rH 
4-1 

O 


CD 

en 

CD 

a 

rt 


rQ 

•r-J 
rH 

> 

<H-H 
O 

c 
o 


CD 

Q 


X> 


< 
Z 


<    < 

z  z 


a 

o 

•r-J 

CO 

C 

CD 

•i-i 

Q 


c 

CD 
O 
rH 

CD 

(X 


■*-• 

00 

IT) 

w 

CO 

CO 

■*— i 

fi 

r-H1 

X 

0 

CD 

CD 

4-J 
CD 

rn 
O 

4-> 

CD 
G 

u 
o 

4-1 
CD 

a 

+ 

r-l 

X 

c 

n3 

O 

rn 

4-J 
CD 

Q 

(D 

CD 
O 

CO 

c 

r- 1 

to 

r^ 
rH 

U 

2S 

rH 

•    * 

(X 

3 

O 

>-< 

CD 

CD 

O 

^ 

c 

u 

CD 

4-J 

C 
o 

0 

4-> 
CD 
rQ 

CD 

4-> 

CD 

to 

• 

4J 

CD 
C 

rQ 

0 

rH 

M 
C 

•rH 

rQ 

CO 

l-l 

a 

CD 

CD 

£ 

0 

CO 

rn 
rC 

CO 
rH 

o 

rH 

o 

CD 

U 

U 

o 

4-J 

CD 

■-rH 

■M 

O 

rH 

1 — 1 
f— 1 

C 

CO 

rQ 

4-J 

CD 
bo  )h 

-5  g 

fn 

0 
S-H 

CD 
CD 

to 

Sr5 

CD 

s 

3 

<+H 

CD 

4-J 

CD 

4-> 

co 

CD 

CD 

CD 

CD 

CD 

CD 
CJ 

CD 
U 

CD 

£ 

aJ 
(X 

^ 
CPi 

CD 

s 

c 

rtl 

CJ 

O 

U 

CJ 

CJ 

n) 

03 

ai 

4-' 

Q 

rr-f    A3 

"-1 

•  r-4 

CO 

rt 

rd 

rt 

ft) 

u-i 

<-t-i 

<+H 

CD 

+-> 

rH     rH 

to    * 

0)    o 

rH       £ 

rH    -r^ 

o   « 

CJ    C 

CO     C 
b0 
CTJ     CO 

o 

4-> 

o 

4-> 

CO 

•  r-l 

CD 
U 
rt 

rH 

CD 

<+H 
rH 

CD 

.  <+H 
rH 

CD 

rH 

CD 

»*H 

rH 

CD 

rH 

CD 

4-» 

rH 

CD 
4J 

CD 

4-> 

CO 

a! 

r— 1 

0       0 

r^    a 

00 

rH 

03 

to 

C 
O 

to 

c   u 

4-" 

c 

CO 

4-J 

c 

00 

4J 

4-" 
CI 

in 

4-1 

ro 

4-J 

to 

•  rH 

X 
CD 

0 

r^ 

taining  contro 
from  Subrouti 

rH 

B 

to 

SX  « 
to 

4-> 

X< 

XI 

T3 

T> 

T3 

XI 

c 

X 

c 

CD 

aJ 

CD 

rH 

2n 

0  co" 

^-1 

•  r-l 

C 

rt 

aJ 

rt 

ai 

rH    X 

0   c 

rH  t) 
o  c 

rC 

o 

- 

CM 

CO 

>* 

LTl 

CN] 

co 

•*-H 

co 

CO 
CO 

^-i 

rH 

CD 

fc 

CJ 

c 

rt 

a 

u 

CJ 

o 

CJ     r* 

CJ     flj 

o   nj 

rt 

co 

to 

to 

to 

co 

C 

c 

a 

4-J 

H 

rH 

CD 

(X 

a. 

a 

Oh 

(X 

0 

0 

o 

C 

£ 

CD     O 

1 

i 

3 

3 

3 

0 

3 

«r— 1 

•  rH 

•rH 

•  rH 

r-H 

c    , 

CO    4-1 

^    CD 

•»-H 

CM 

5 

r4 

0 

<*H 

CD 

0 

rH 
O 

0 

rH 

a 

o 

r-l 

a 

0 

rH 

0 

0 

rH 

a 

4-i 

U 

CD 
CO 

4-> 
U 

CD 
CO 

4-1 

o 

CD 
CO 

0 

<H-H 

O 

CD 

8^ 

u    CD 

0jo 

H 

H 

X 

■*-H 

P 

nJ    g 

X 

CI    3 
1— I     to 

25 
i—i 

i— i 

O 

U 

II 

CM 

II 

co 

II 

II 

LP, 
II 

v£5 
II 

Is- 

II 

CO 

ii 

II 

73 
> 

*1      rH 

<    n) 

rj 

tn 


Ul        r4l 


u 

CO 

h 

Pi 

U 

H 

H 

u 

^ 

Z 

o 

133 


< 


< 


< 


CO 

X 

Pi 

O 
O 

CU 
CO 


g 


<   <  < 

Z    Z    Z 


$ ! 


X 
<U 
pi 

PI 

•  w 
+■> 
fl 
O 

U 

Q 

H 

P4 

cu 

C 
•i-i 
+-> 

O 


X 

cu 

CO 

co 

CU 


42 
•i-< 

> 


CU 

Q 


cu 
Q 


bo 


X 


cu 

42 


O  m 

+J 

Pl  nj 

°  "S 

O  ™ 

XI 

"£}  cu 

c  c 

•H  Clj 


cu 
u 


cu 
> 
u 

pi 

CO 

CU 

C 

o 
u 

c 
o 

■  l-l 
4-" 

rt 
N 


ft 


rt 
X 


cu 
V 

c 
3  <u 


CU  rj 

>  ^ 

M  cu 

ps  4a 

co  . 


« 

cu 
C 

•  iH 

o 
rt 

-M 

CO 

cu 

.1-1 

ft    CU 
H     CO 

•5    P> 

O  *H 


X 
CU 


cu  U 

ftQ 

*»  W 

SE 
CO  cu 
cu    pl 

•l-<      .1-1 

a.  0 
£  3 


bD 


X 

CU 

Jh 
•  i-i 

cr 
cu 
Pt^ 

c 
o 

•I-I 

+-> 

rt 

si 


ft 
o 
cu 

en 


d 
cu 

a 

0) 
I— ( 

ft 


o 
o 

X 

T3 

cu 

pi 

cu 
C 

•s  £ 

rt    cu 

SCO 
ft 

•  l-J 
ft  CU 

o 


o 
c 

CO 

CU 

+-> 
rt 
o 


pj 

ft 


•  h      X 


F— I 
It 

CU 

c 

C 
cu 


cu 

I— ( 

ft 

s 


X 
CU 

•  i-i 
Pi 

cr 

cu 

CI 

o 

•  i-C 

•4-> 

a 

£  w 

q.  rt 
o  ft 

co  T3 


.3    «     .3 


cu 
+-> 
? 
ft 

£ 

o 
cu 


42 
rt 

•iH 

> 

cu 
42 

+-> 

co 
co 
CU 


CU 

i 

PI 

PI 
o 

•l-< 

o 

cu 

co 

o 

cu 
bo 
rt 

.O 


o 

u 

PI 
o 

•  1-1 

-t-> 
rt 

Pi 

XI 


co 
u 
cu 
i—i 

i— < 

o 
u 

PI 
o 
u 


PI 

■  iH 
ft 
ft 

ci 

u 
cu 

> 
o 


w  h.s 


pj 

o 
rt 

pi  cr 

r— 1 

a  x 
>   cu 

cu   ™ 

fi      CO 


I  CO 

pi         rt 
*        -g 

PL,      »    O 

tuD     -  £ 

co  5-^ 
CU  M 

>  PQ  P    . 

S   H 
•P  o 


2- 


•43 

pi     . 

C    u 
£    O 

SB 

cu 

Jh    co 

bfi 

u   ri 

o  cu 


3   k 


CuC- 


cu 

£ 
PI 


co 
ft 
Pi 

o 


CU 
PI 

J2 
Pi 

CO 


rt 
•r-i 
-)-> 
«  PI 
-^i    cu 

II  J 

^H       CU 

t<     CO 


cu 

42 

£ 
pj 
pi 

X 
u 
o 

+-> 

cu 
PI 

% 

CO 


cu 

rt 
u 
O 


cu 

42 

£ 
pi 

pi 

cu 
o 
a 

^H 
QJ 


4-> 

o 

cu 

CO      CO 


CU 

> 

•  I-I 
co 

PI 

o 

ft 

co 

CU 

u 


u 

-4-> 

u 

CU 

x 
pl 

pi 

CO 

ft 
pi 
o 
u 

CUD 


PI 


PI 
o 
u 

r 


*  o 
<  o 


5h 
CU 

42 


Pi 

PI 

»H 

CU 
I— ( 
1— I 

o 

PI 
o 
U 


o 

Q 

cu 
PI 

o 

■s 

CO 


Pl 

cu 

£ 
pi 

bD 

rt 
PI 

!h 
Pi 
+-> 

cu 

X 
cu 
cu 
ft 

CO 

X 
PI 


oo 


42 
rt 
H 


00 
00 


vD 


Q 

Pi 


H 
ft 
O 
W 


u 

u 

< 

CO      CO 


pq 

co 


W 

h- 1 

H 

Q 

W 

Z 

u 

U 

w 

PQ 

w 

W 

^      PL, 

CO 

CO 

CO 

CO      CO 

134 


X 
0) 


+-> 

+j 

CO 

co 

co 

c 

fl 

X 

X 

X 

0) 

0) 

C 

C 

C 

o 

u 

O 

O 

O 

(h 

u 

u 

CJ 

o 

a> 

CD 

0) 

<D 

0) 

ft 

ft 

co 

CO 

CO 

co 

X 

a 
o 
o 

a; 

CO 


< 


CO 

X 
C 

o 

o 

CD 

co 


o 

a> 

> 


< 
2 


►7-  UJ 

A.       X) 


o 
U 

Q 
Z 

to 
H 

c 

•H 

+-> 

o 


X 
CD 

CO 

ID 

co 

a> 

£ 


.0 

a 
> 


Q 


4-> 
•  r-l 
i — 1 

i— i 

CQ 

PQ 

ft 

ft 

X 

X 

CO 

CO 

<D 

0) 

0J 

cu 

1 — 1 

1 — 1 

co 

co 

u 

V 

rt 

rt 

co 

CO 

o 

rC 

rC 

0, 

Ol 

<D 

CU 

.,-i 

1 

| 

CO 

CO 

*J 

< 

u 

rt 

rt 

c 

rC 

A 

•  c-l 

X 
CD 

X 
0) 

Oh 

Ph 

CD 

-H 

+■> 

I 

I 

Q 

2 
ft 

53 

ft 

< 

PQ 

£ 

£ 

•i-i 

o 

0 

u 

u 

CO 
I— 1 

CO 

lM 

*+-< 

a 

"rt 

0 

0 

> 

> 

CD 

<D 

CD 

QJ 

3 

0 

4-> 

+-> 

o 

ft 

XI 

a; 
X 


o 

ft 

X 

CD 


h    h    to 


x 

CD 

X 


3 
to 


X 
CD 

CO 

O 

55 


3 

X 

CD 
Q 


X 

CD 
X 

c 

•  r-l 

ft 

o 
o 

o 
Q 


a 
.i-i 

CO 

X 
i— i 
•i-i 

x> 


Cuo 
O 


X 
CD 
co 

J 

u 

U    co 

CD    rt 
3 


X  CD 

CD  rZ, 

X  O 

r  ^ 


X 

CD 
X 

n 
•i-i 

ft 
o 
o 

o 
Q 


CO 


H 


CM 


00 


in 


00  ■*■"'       *-*       ■*-*       "•■■<       **—*  *-* 


<M 


H  fH  <  cQ  U 

J  J  S  3  2 

Ph  Ph  Jd  Id  Id 

to  to  to  to  to 


ID 

to 


l-J 


I'D 


g 
1—1 

Oh 

1 — l 

J 

s 

S 

to 

J 

rt 

u 

M 

W 

£ 

0 

o 

I* 

►— i 

H 

h- 1 

> 

H-t 

I-i        t-0        «T> 

W 


135 


CU 

R 
R 


I 


en 

R 
O 

u 

CU 

CO 


Z    Z    Z        Z   Z    Z    Z    Z    Z 


CO 

a 
o 
o 

CD 
co 


<      < 

z  z 


R 
o 

U 

Q 

CO 

H 
R 

•  rH 

4-> 

o 


T3 
CD 
CO 

p 

CO 
CD 

£ 


rQ 

■i-i 

u 

> 


0) 

Q 


cu 
Q 


X) 
O 

u 

cu 

PL. 

+J 
rH 

cu 

I— ) 

I— I 

o 
rH 


a 
i— i 

u 

01 
> 

o 

o 
r 

?H 
a> 

I— I 

rH 
O 
rH 

■g 

o 
o 

0) 
CO 

rS 

a 
i 

o 


U      n 


ft 

i— i 
u 
cu 
> 
o 


rH 
CU 
I— H 
I— I 

o 

rH 
H-> 

r 
o 
u 

cu 

CO 

rC 


CD 

(1) 

rH 
rR 


ft         ft         g 


rH 

> 

O 

en 

CU 
CO 

a 

rR 

rH 

I 

u 

X 
r 
n 


R    < 


rH 

CU 
1 — I 
1 — I 

o 

rH 

■+J 

R 
o 
o 

CD 
CO 

rC 


Ph        Oh 

I 


0) 

0! 
rC 


-H  t\J 

II  II 


m      X 
CU       cu 

>         CO 

O     |D 

CO 

cu 

CO 

a 

Ph 
I 

U 


X 


rH 
CU 

rH 
O 
rH 

H-> 
R 

o 
u 

6 

CO 

-a 

cu 
cu 
u 


CO 

X  • 

R  W 

O  CU 

CO  ™ 


R        2     * 


i        to  0 

pq     «  cu 

H  rH 

Oj  CU 

CU  CO 

*  0) 

CU 


R 


bo 


So  R 

C     rC 
1—1     .rH 

CU    n 
u  re 

>>   to 

U  cu 


cu 

XI 

R 

•H 
Ph 

O' 

o 

I— I 

o 
Q 


O 

U 

< 


rC 

bO 
R 
o 
u 

rR 

4-> 

CO 

CO 

ra 

Oh 

+-> 
CO 

re 
i— i 

R 
o 

5* 

re 
u 
u 
re 

CO 

> 

in 

w 

rH 


0) 
R 
I— ( 

re 
!> 


cu 

CO 

Sri 

"1 

•H     O 

■*->  o 
CO 

•  H  <-w 

rH  0 

K^     CU 
rt     rrH, 

Sj 
CTi    rH 


I 

CO 

H 

w    CO 

cu    cu 

o  irJ 

Ch   ^ 
^   rt 

°i 

4->  H 


cu 


cu 


X 

R   R 

h    R 
R   « 

rH      CO 


rH 

rH 

rH 

rR 

R 
o 

u 


^ 
^ 
J 


cu 
o 
R 
cu 

rH 

rt 

> 


rH 
CU 

s 

R 
R 


cr  x 


cu 

R 
R 


rH         rH 
R  R 


T3  T3 

cu  cu 

-*->  -(-» 

R  R 

CU  0 

a  a 

R  R 

rH  U 


co 

R 

•  H 

< 

CU 
co 
rt 

rR 


rH  rH 

CU  CU 

I     I 

R      R 

R       R 

X 
S 


R 


cu  cu 

■S  "h 

R  R 

cu  cu 

e  a 


cu 
co 
rt 

rR 


Ch    u 


cu 

CO 

a 


W         rH         rH         rH         Ph 


Ph 
O 
O 
i— I 

o 
Q 


rH 

CU 

+-> 

0) 

M 

be 


rH 

U 

u 


o 
o 

I 

rH 

u 
u 

hi 

Jh 
O 

rH 

u 


X 

CU 

R     i-j 


HH  O 

o  o 

CU  "^ 

r^  C 

re  5 

K*  H-> 


CU 
R 

Ph 
O 

O 

>—* 

o 
Q 


a 
t/> 

H 

HH 
rQ 

CU 
rR 
U 
rH 

rt 

CU 
CO 

cu 

rO 


co 

bo 
R 
cu 

rH 
CU    rM 

"I 

<HH       CU 

O    R 

*■£ 

«    n 
Ire 

rH       CU 


CO 


rD 

rt 
H 


■rH  H         IT         ^ 


vD 


'H         C» 


rH 
rH 

ro 

rH 


HH 

u 
u 


o 

CO 

in 

m 

rH 

rH 

H 

■^H 

CM 

CO   sO 

> 

> 

r4 

rH 

W  W 

W 

w 

rH 

S 

S    rH 

rH 

yA 

rH 

rH 

KH 

rH    rH 

rH 

u 

u 


w 

rH 
U 

u 

rH 


136 


c 

D 


<     < 

Z    Z 


<   < 
Z   Z 


<    <    <     < 

z  z  z  z 


0 

CU 

u 

CU 

ex 


SH^ 

cu  o 

ao 

^ 

■*— < 

y 

1—1    ro 

CJ 

.*    Sh 

2 

X    3 

u 

cu    0 

CJ 

>  x  o 


c 

cu 
u 
u 

CU 


0 
O 

X 

CO 

CU 


a  g 


x 

cu 


T3 

CU 

C 

•H 
0 

o 

U 

Q 

co 
H 

cu 
C 

•H 

p 
o 


cu 

CO 

IP 

to 
CU 


rd 


X 

cd 

•  rH 

Sh 

rd 

> 


cu 
Q 


cu 
Q 


X 

s- 
o 


cu 

0 

X 

cu 

SI 

•  rH 
1 1 

rd 

c 

M 
•1-1 

CO 

0 

•  r-H 

to 

cu 
0 

rd 

4-1 

Sh 

CU 


ex 

P 
O 
Sh 
bo 


CU 

i 

0 

z 


x 

u 
o 

+-> 

cu 
c 


(X 

o 

Sh 
CuD 

CU 

X 

•  H 

CO 

to 
O 

a 


u 
cu 

X 


O 

H 


CO 

en 

r— I 

cd 

0 

bo 


co 

fX 
P 
O 
!-i 
fcuO 

Sh 

CU 
1— 1 
1 — 1 

o 
u 
+■> 

0 

o 
u 


Sh 

cu 

g 


Sh 
O 


CU 

c 
0 

co 

+■> 

C 
cu 
u 
u 
0 
o 


O     T3 

+->  jL 

U 

CD 
CO 


X 

CJ 

rd 

cu 


CO 

0 

O 
Sh 

bo 


g 

P 


Sh 

o 

H-> 

CU 

C 

cu 

X 


o 

i+h        <*H    Tj 

o       O    rt 

111    0  5, 


r* 
rH 
O 


CU 

c 

co 
rd 

0 
•  r-i 

cu 
0 


rd  h 


2    O 


Sh 

cu 

g 

P 

0 

g 
3 


co 

Sh 

O 

+-> 

cu 

0 

x 
p 

CO 


X 
u 
o 

H-> 

cu 

0 

X 
CU 
N 

•rH 

I— I 

rd 

bD 


cu 
A 


u  u 

cu  cu 

X  X 

g  g 

0  0. 

z  z 


co 
co 


CO 

X 
u 
o 


cu 
0 

■i 

co 


u 
cu 

X 

g 

z 


X 
be 

O 

u 

X 
H-> 

co 
co 
rd 
P. 

CO 

rd 

r-H 

0 

O 


g        g 

cu      cu 


CO 

co 


CO 

X 
u 


cu 
X 
co 


»H     O 


o 

a 
0 

u 

CJ 

o 
PI 


T3 
CU 
CO 

r3 


u 

rd 

a 
0 
u 
u 

O     4^ 

•r-1 

^     l-H 

■H      a 

3  X 
o   t* 

O    C 
cu 

0  <-* 

o   cu 

s  u 

o    ° 

^    bD 
C 

c  .S 


•  H     CU 

cu  +-> 

^  2 


J2"S  f> 

CJ  X  CJ 

>,  cu  u 

U    CU  o 

u 

'*-<    X  * 

O    £  X 

u-i  cu 

v    co  X 

?  ,H  cu 


•^  X 


cu 

(J 

r;     O     X 

u  x;  cu 

rd    m    ■• 


o 


0) 


X 

CJ 

rd 
o 
u 
fX 

rd 

X 

cu 


ex 

C 

CU 

O   -4-1    CO 

c 

f  occupancy 
utations.      If 
f  threshold  i 

>> 
u 
0 

cu 

0 

a1 

cu 

c 

a 

•  r-l 
1— < 

X 

CJ 

rd 

CU 

C 
|3 
Sh 

H-> 
CO 

C 

X 
0 
rd 

cu 

0    fX"-1 
cu   g 

0 

•  H 

-f-J 

!h 

0 

0 

bo  0  X 
rd    cj    £ 

t5 

CJ 

cu 

co 

cu 

g 

2    -M      » 

cu 

X 

X 

C    fX  m 

CO 

0 

cu 
fX 

CU 

cu 

a, 

0 
1 — 1 

0 

O       I»'H 

4-> 

0 

0 

co 

> 

shold 
h  and 
pancy 

c 

CO 

0 
0 

X 
CU 

-M 
CJ 

•r-l 

X 

cu 

•4-> 
CJ 

•rH 

Thre 
lengt 

OCCU] 

U 
PI 
rd 

a 

u 

< 
2 

X 

CU 

X 

cu 

S-i 
Ph 

co 


X 
rd 


O 

•rH 

co 
0 

CU 

g 

•  rH 

Q 


■^-H  T-(  T-H  -^1  -^-H  -*-H 


th      N      \C 


h  fe  r«  ^  U 

PJ  oc{  Pd  ^  E 

a  a  a  a  s 

^  ^  ^  ^  ^ 


■^H 

O 

2 

u 

PQ 

« 

CQ 

w 

D 

Ed 

in 

t/1 

t/i 

CO 

Z 

£ 

S 

S 

w 


^ 

X 

1—1 

u   u 

H 

H 

u  u 

u 

ft 

CO 

0  0 

0 

0 

Ph 

137 


T3 
CU 

•  r-l 
H-> 

c 
o 

u 

Q 

to 
H 

cu 
c 

•rH 

o 


T3 
CD 
en 

0) 

a 


•H 
*H 

> 


CD 

Q 


CD 

Q 


en 

?H 

"d 

Xl 

S 

O 

XI 

u 

CD. 

CU 

> 

en 

u 

CD 

C 

o 


o 
> 

CD 


T3 

u 
Ph 


0) 
CO 


W 
N 

O 
H 

0 
c 

•T-l 

o 

u 

CXI 


«2 


i— i  co 


1 

1 

O 

O 

-— ' 

•r-H 

Q 

X 

X 

£ 

-t-> 

c 

-4-1 

CU 

CU 

u 

u 

u 

u 

CU 

CU 

a 

Oh 

cv] 

CNJ 

i 

o 

1 

c 

•»-! 

^ 

X 

cn 

«y 

T) 

Ci 

fl 

CU 

0 

u 

CJ 

*H 

CU 

CU 

en 

Cu 

i        i 


Ci 
CD   ' 

u 

Jh 

CU 


Ci 

CU 

cu 
u 
so 

1— I 

rt 

H-> 
O 
-4-> 

CU 

■  T-H 
> 

•  i-H 

^  . 

cu    V 
t— i 

u 


o 


ii    « 

•s  ° 


l-l 

CU 

> 

.H 

a 

-t-> 

CD 

CI 

s 

•  H 

l-l 

CU 

+-> 

1 — 1 

X! 

i-l 

m 

CU 

<—i 

o 


CU    »H 

*H  <Ji 


n)    cu 
Hi 


Ci 

Ci 

CU 

cu 

o 

u 

u 

u 

cu 

cu 

a 

Qh 

CU 

X 

CO 


Q 


-  rf        o 

Ph        -  t-H 

5>    o>  i-i  ">h    <£ 


Ph     tf  Pi 


£ 

E 

Pn 

J 

Pi 

fc 

ffi 

E 

Q 

H 

H 

U 

< 

<C 

W 

co 

co 

co 

U 

z 

X 

H 

u 

u 

u 

E 
U 

t— i     t— i 

<J 

< 

< 

J 

J     ^ 

^> 

Ph 

Ph 

Ph 

Ph      Ph 

co 

CO 

CO 

cn 

CO      CO 

138 


(M         f\J         (NJ 

00       f 

\j     c 

\]     f 

•vj 

1         1         1 

O       O       O 

1 

o 

o 

o 

i 

o 

XXX 

X 

X 

X 

X 

4->         -M         4-> 

4-1 

4-1 

-y 

4-4 

en 

(A 

en 

p     p     p 

Ci 

p 

P 

P 

X 

X 

x 

0)          QJ          (1) 

CD 

<v 

0) 

CD 

P 

C 

P 

u      o      o 

cj 

cj 

o 

CJ 

O 

O 

o 

Li        Li        Li 

Li 

Ll 

^ 

u 

cj 

CJ 

u 

CD        CD        CD 

CD 

CD 

CD 

<u 

CD 

CD 

cd 

Ph    a    Ph 

a 

Ph 

Ph 

a, 

en 

Cfl 

Cfl 

CO 

x 
p 
o 
u 

CD 

(0 


< 


en 

p 
o 
cj 

<u 

(0 


Q     Q     P 

z  z  z 


x) 

CD 

p 
p 

•r4 

4-1 
P 
o 

U 
P 

z 

CO 

H 

»J 

OJ 

p 

•  r-l 
P 

o 


XJ 
en 

p 

en 

a 

z 


a 

•  r4 

Ll 

rt 


(L) 
P 


CO 


d 

d 

P 

H 

0 

•r4 

0 

•rH 

o 

'T-i 

CD 

4-> 

o 

4-1 

4-1 

4-1 

0, 

4-1 

CD 

O 

u 

nJ 

a) 

0, 

c 

<*4 

Li 

Jh 

p 

CD 

>^ 

Pi 

PI 

(NJ 

P-, 

4-1 

4-> 
CO 

CD 

4-1 

X 

a 

X 

c 

X 
P 

II 

■^H 

X 

Pi 

CD 

r-4 

CD 
CD 

CD 
CD 
Li 

CD 
CD 

Li 

• 

Ph 

II 

rt 

•i-j 

CD 

bO 

M 

&JD 

en 

CO 

K 

ro 

1-4 
CJ 

CD 

CD 

CD 

CJ 

Ph 

ii 

>- 

en 

en 

en 

i— i 

Li 

0 

VH 

CO 

CD 

O 

rt 

re! 

ex) 

i—i 

0 

u 

M 

Ph 

■ — i 
CJ 

^4 

Ph 

Ph 

Ph 

4-1 

?4 

CO 

u 

1 

| 

1 

p 
o 

■  H 

■+J 

•  H 

p 

Pi 
o 

0 

cd 
a, 

>- 
+-> 

en 
CD 
en 
d 

Ph 

0 
en 

CD 
CO 

O 

<+4 

CD 
en 
CO 

0 

CD 

u 

CD 

r-4 

i— 1 

0 

u 

O 
CD 
H 

en 

■  r4 
CD 

< 

>> 

£> 

X 

CQ 

X 

u 

0 

4-1 

X 

P 

Ed 

CD 

u 

Ph 
1 

Ph 
I 

Ph 
I 

en 

4-1 

o 

en 

CD 

CD 
X 

•  H 

CD 

X 

■r-l 

£ 

P 

ii 
X 

Ph 

X 

p 

<t5 

4-J 
.1-4 
I-H 

en 

s 

P 

4-> 
•  i-l 

r—l 

4-> 

4-> 

< 

P 

C 

U 

rP 

Ph 

| 

u    w 

en 

> 
•rH 

X 

> 

•  r-4 

X 

CD 
X 

•  r4 
1-4 

a 

•i-H 
i— 1 

a 

•  H 

en 

•  r4 

en 

•r4 

en 

u 

■!-4 

en 

Ph 
I 

CuO 

en 

re! 

Ph 

X 

X 

P 
CD 

co 

< 

en 
CD 

en 

en 

CD 

1-4 

a} 
> 

■ — i 
> 

i— i 
> 

o 

> 

u 

CD 

13 

44 

en 

CD 
L 

Li 
0 

<+H 

P 

en 

§ 

en 
a) 

CD 

?4 

CD 

CD 

.2 

CD 

O 

o 

i—i 

CD 
X 

CD 
X 

CD 

en 
en 

s 

eS 

s 

u 

S 

•  1-1 

4-> 

^ 

>4 

4-> 

1 

Li 
O 

CD 
3 

0 

c 

p 

en 

4-1 
•  H 

.—1 

4-J 

•  r-l 
I— 1 

n) 

CJ 

•  rH 

•1-4 

X 

•r4 

X 

•  r4 

X 

•  r4 

X 

m 

4-1 

en 

4-1 

en 

CD 

CD 

CD 
CD 

^P 
Ph 

Ph 
en 

en 

a 

0 

CJ 

P 

CD 

en 

Ll 

£ 

u 

£ 

CD 

X 

CD 

X! 

CD 

X 

en 

»4 

X 

en 

^4 

CD 
X 

i 

i 

en 
a) 

Li 
0£ 

Li 

bo 

1 

u 

CD 

tn 

0) 

CD 
en 

cu 

f— 1 
1-4 
0 
Li 

en 

1 

CD 
en 

•  H 

<+4 
0 

<+4 
V+4 
O 

•1-1 

<4-l 

0 

CD 
i— i 

1-4 
O 

u 

1 

CD 

i-H 
i-H 

0 

•  H 

0 

< 

>+4 

0 

}-> 
o 

P4 

CD 

4-1 
1-4 

o 

Ph 

4-> 

c 

CD 

CD 

en 

CD 
en 

^3 

<H-I 

0 

o 

Ph 

Ph 

-4-* 
•  H 
i-H 

4-> 

Ph 

p 

Ph 

a) 

g 

g 

g 

4-> 

'S 

4-> 

£ 

4-1 

6 

en 

?4 

Ph 

Ph 

•r4 

4-1 

P 

i 

u 

I 

< 

a,  o 

CO    o 

I 

< 

2 

i 

< 

CO 

CO 

3 
co 

0 
CJ 

o 

CJ 

2 
CO 

CD 

Eh 

< 

Pi 

u 

< 

I 

CQ 

rt 

0 

•H 

to 

n 

CD 

•  rH 
P 

•«-4 

3  <r-  U 

H  H  2 

HH  l-H  t-1 

J  J  J 

Ph  Ph  Ph 

co  co  co 


<  U  <  U 

£  £  X  X 

H  H  h  H  ^  2 

Ph  Ph  Ph  Ph  |D  |D   p 

CO  CO  CO  CO   CO   CO   CO 


p 

CO 


Ph 

< 

PQ 

U 

H 

H 

H 

H 

CO 

CO 

CO 

CO 

w 

W 

W 

W 

W 

Eh 

H 

Eh 

Eh 

H 

139 


n 


Q    Q 
Z    Z 


co 

a 
o 
o 

0) 
05 


JH 

!h 

u 

fH 

P 

P 

p 

P 

o 

o 

o 

o 

< 

X! 

<s. 

^ 

HP 

< 

Q 

£ 

co 

x 
p 

CO 
X! 
Pi 

CD 

r— 1 

CU 
I— 1 

CU 
I— 1 

CD 
i— ( 

z 

55 

o 

o 

u 

O 

0 

0 

•  H 

•  r+ 

•  H 

•  H 

CJ 

o 

,P 

A 

A 

,P 

CD 

CD 

0) 

CD 

CD 

CD 

CO 

10 

> 

> 

> 

> 

XI 
CD 
X 

P 
■ — i 
u 
a 
■  o 
U 

Q 

co 

H 

rt 

CD 
fl 

•  H 

"S 

o 


CD 
CO 

CO 

CD 

a 

z 


A 

cO 

■  H 

u 

cd 
> 

o 

p 
o 


CD 

Q 


CD 

Q 


a 
cd 

■— < 

•  iH 

•cd 
> 
cd 

CD 


p 

CD 
CD 
*h 
(JO 

i— i 

cd 
h-> 

C 
-t-> 

>s 

X 

CD 
X 


X 

X 
P 
cd 

a 

CD 
X 

P 

CD 
CD 
Jh 
HO 
<—< 

cd 

+-> 
o 
H 


CO 

CD 

co 

cd 
rP 
Ph 

i 

u 

CO  • 

i-H  ^ 
Ph   CD 

r— I 

I  l— ' 

«2 

°  p 

^  o 

X  u 

IS  ft 

S  >s 

Xt  (NJ 


CD    ' 
CD  £ 

»ft 

co  W 

CO-  )h 

cd    O 

rP    ^ 

Ph    CD 

'  x! 

u-S 

co^ 

P  a 
ft  ?d 


<+h 
o 

o 


P 

CD 
tJ    CD 

cd   jh 

ft    fcO 


CO 

CD 

CO 

cd 

u 

CO  • 

i-j  CO 

A,  U 

Ph  CD 

i— I 

<  h, 

+1  o 

x  o 


CD 

Ph 


■u  co 

G  II 

CD     " 

^£ 

CO 

co  S^J 

CD   ^ 
CO     S-i 

cd    O 

,p  ^ 

Ph    cd 
'  x! 

col?, 

p  a 
xj  > 

ft  cd 


i 

< 


CD 


O  C 

.h  CD 

+>  CD 

cd  ?h 

ft  M 


X 
CD 


cd 
O 

s-> 
CD 

p 

CD    <d 

£-0 


O 


CUD 


CD  43 

o  * 

P  0) 

u  u 

•  H 

P  rP 

•i-h  CD 

CD  !> 

g  X 

.5  p 

+->  cd 

CO  ™ 

O  7i 

J  > 


CO 

ft 

O 
U 
GO 

CD     J 
U    h 

cd    o 
X    ^ 

u   cd 

^  o 

CD   +-> 


CD 

a 

"5b| 
«  8 

«  o 
1-1  u 

73  xl 
u   ^ 

S  h 

O    a, 

-dS 

o  2 

^■S 

co  C 
CD  O 
In    U 

rC    („ 

H  o 


x 

CD 
CO 

o 
"Z 


c 

O 

•  rH 
4-> 

cd 

Jh 
X 


p 
o 

•rH 
+-> 

cd. 
u 

X 


g   B 


CD        CD 


O 
> 

CD 
co 
cd 

A 


O 

> 

0 
co 
cd 

A 


Ph  Ph 

i  i 

<  PQ 

i— i  i— i 

cd  cd 

u  u 


Jh        >h 

u   u 


u 

Ph 

> 


x1  o 

bo  >+5 

O  m 

^  S 

<  O 

cn  > 

hh  CD 

HH  CO 

Ph  cd 

>  -a 

£  -a 

X  CJ 

fl)  'H 

p  h 

CD  u 

i-H 

cd  ^ 

>  ° 

•H  _i 

s  £ 


CD 

i-H 
r-H 
O 

ti 

o 

U 

P 
CD 
> 

•  H 

ciO 

M  CO 


Ph 

co 

P 
O 

u 
o 

4-> 

o 

cd 

fa 
p 

O 

•  rH 
CO 

U 

CD 

>        .H 

P        4-> 

O      cd 
U     tf 


1=3 

> 

l*H 

o 


ro 


cd 


Q 


■rH  rlTHT-H-rHHrHCO'rH'rH-rH 


CM 

ffi    K 

H     H 
W     W 


c/l 

0 

z 

^ 
S 

z 

< 

CO 

CO 

w 

CO 

o 

J 

u 

< 

PQ 

Pi 

s 

CO 

2 

£> 

J 

O 

0 

< 

< 

Ph 

Ph 

Ph 

CO 

H 

H 

Eh 

> 

> 

> 

> 

> 

> 

Q 


140 


3.  5     ROUTINE  LSTSQS 

3.  5.  1     Purpose 

The  purpose  of  Routine  LSTSQS  is  to  compute  the  optimal  signal 
timing  plans   for  each  subnetwork  constructed  by  Routine  RTSND.      The 
cycle  length  and  controller  offsets  which  minimize  average   vehicle  delay 
in  each  subnetwork  are  computed  subject  to  the  constraints  of  the  splits 
computed  in  Routine  RTSND. 

3.  5.  2     Method 

The  methodology  used  by  the  optimization  algorithm  coded  in 
Routine  LSTSQS  is  based  upon  the  SIGOP  Traffic  Optimization  Program 
described  in  Reference  2.     However,   the  deficiencies  of  SIGOP  have  been 
corrected  in  the  optimization  algorithm  employed  by  the  TANSTP  software. 
The  specific  deficiencies  which  have  been  corrected  are  as   follows: 

1)  The  original  SIGOP  algorithm  computes   simultaneous 
traffic  signal  timing  plans  if  the  travel  times  on  net- 
work links  are  less  than   1  /4  of  the  network  cycle 
length.      These  incorrect  results  are  due  to  the  fact 
that  the  assumptions  inherent  in  the  algorithm  are  not 
valid  for  networks  having  short  block  lengths. 

2)  The  original  SIGOP  algorithm  does  not  account  for  the 
fact  that  splits  may  be  different  at  each  controller  in 
the  network. 

3)  The  originial  SIGOP  algorithm  does  not  properly 
account  for  those  cases  in  which  a  link  connects  to  a 
phase  at  the  upstream  controller  which  is  different 
than  the  phase  to  which  the  link  is  connected  at  the 
downstream  controller. 

4)  The  original  SIGOP  algorithm  does  not  properly 
account  for  overlapping  type  controllers  wherein 
opposing  movements  on  two-way  streets  may  lead 
or  lag  each  other. 

The  algorithm  employed  in  SIGOP  and  LSTSQS  assumes  that  vehicle 
delay  on  a  link  in  the  traffic  signal  network  is  a  quadratic  function  with 
respect  to  offset  difference  between  the  upstream  and  downstream  nodes 
(controllers)  on  the  link.     The  assumption  is  an  approximation  to  the  true 
relationship  between  delay  and  offset  difference.      However,    the  approxima- 
tion is   very  accurate  in  the  neighborhood  of  the  minimum.      The  overwhelm- 
ing advantage  of  using  this   approximation  is  that  the  system  of  linear 
equations  which  result  when  applying  the  necessary  conditions   for  a  mini- 
mum from  the   calculus    can  be  solved  very  rapidly  in   relationship  to  other 
approaches  which  assume  piecewise  linear  delay  functions,    or  conduct 
steepest  ascent  searches  over  an  unknown  hypersurface  to  seek  a  mini- 
mum.    Because  of  the  great  advantage  in  computational  speed,    the 
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quadratic  delay  approximation  lends  itself  to  real-time,    on-line  network 
signal  timing  optimization.     In  fact,    it  is  the  only  technique  to  date  which 
meets  the  speed  requirements  necessary  for  real-time  optimization  of  a 
signal  network. 

The  explicit  objective  function  assumed  in  arriving  at  the  LSTSQS 
algorithm  is  : 

D  =  £X>..   (R..  +  M..  +  d.  -  d.)2  (3.4-1) 

where 

D  is  the  assumed  network  delay 

A.,  is  a  link  weighting  factor  for  the  link  connecting  node  i 

to  j  composed  of  link  volumes  and  a  link  importance  factor 

R. .  is  the  link  idealized  offset  for  the  link  connecting  node  i 
ii 
J  to  j   (computed  as  the  link  length  divided  by  the  average 

speed  of  the  vehicles  traveling  the  link) 

d.  is  the  offset  of  node  (intersection)  j 

d.  is  the  offset  of  node  i 
1 

The  R^,    d;,    d^  are  normalized  by  cycle  length  in  the  above 
expression 

The  M;-  are  integers  chosen  because  of  periodicity  of  the 
offset  such  that 

-   1/2  ^  (R..  +  M..  +  d.  -  d.)  <  1/2  (3.4-2) 

The  LSTSQS  routine  solves  for  the  d^  from  the  equations  which  arise 
from  applying  the  necessary  conditions  to  the  above  objective  function. 
These  optimal  offsets  are  determined  for  a  range  of  candidate  cycle  lengths 
and  the  objective  function  is  evaluated  for  each  set  of  offsets.      The  cycle 
length  and  associated  offsets  which  provide  for  the  least  delay  are  chosen 
for  implementation  and  packed  into  the  entry  offset  array  by 
Subroutine  LOADAT. 

When  the  necessary  conditions  for  optimization  are  applied  (i.  e.  , 
the  partial  derivatives  with  respect  to  d{,    setting  to  zero,   and  solving  for 
the  d^)  the  following  system  of  linear  equations  result: 
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where 


N-l 

di  =Z)   Eij  °j  (3.4-3) 

j=l 

dN-° 


N  is  the  number  of  nodes   (intersections)  in  the  subnetwork 


d.  are  the  optimal  offsets 

1  r 

E. .  is  the  inverse  of  the  matrix  B. . 


wnere 


B.,    =  -   (A,  .  +  A..  )  for  j  4  k 

jk  kj  jk  J 


Bkk  =  5  (Akj  +  Ajk» 


C,    is  the  vector 
k 


where 


I  (A.,    T.,    -  A.  .  T.  .)    k.'=  i,...  .  ,   N 

j       jk     jk         kj      kj7 


TV:  =  M..  +  R.. 
XJ  ij  IJ 


Because  of  periodicity  of  the  offsets  with  respect  to  time,    many  local 
minima  exist  in  offset  space.      Each  minima  depends  upon  the  choice  of  the 
M^-j.      Thus,    a  'gradient  type'   search  through  neighboring  local  minima  is 
performed  starting  from  a  randomly  selected  initial  point  to  obtain  a  sec- 
ond order  minimum.      The  starting  points  are  not  preselected.     A  second 
order  minimum  is  one  which  yields  a  value  of  the  objective  function  which 
is  smaller  than  any  of  the  neighboring  minima.      Several  second  order 
minima  may  exist.      Therefore,    a  series  of  "Monte   Carlo"  games  is  played 
each  starting  from  a   randomly  selected  starting  point.      The  values  of  the 
objective  function  for  all  second  order  minima  obtained  from  all  random 
games  are  compared  to  determine  the  global  minimum. 

The  technique  used  in  the  gradient  type  search  is  to  choose  the  sub- 
scripts of  the  following  expression  which  yield  the  minimum  value  for  the 
expression: 

x  ~    lY        J  (3.4-4) 

m,  n        '     m,  n  •  w.  *   *±; 

where 
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X  =  — -  -J  A  (A  8  +  1\  L 

m,n       2    |_     m,  n  [     m,  n     m,  n         )  J 


Y  =  A  T 

m,  n  m,  n      in,  n 


a  =  E  -   E  -E  +E 

nm,  n  m,  n  m,  m  n,  n  n,  m 


The  subscripts  having  been  selected  indicates  which  M^-  should  be 
changed  by  unity  in  order  to  achieve  a  minimum  smaller  than  the  current 
minimum. 

A  second  order  minimum  is  one  at  which  no  choice  of  the  sub-; 
scripts  m,  n  in  the  expression  of  3.  4-4  yields  a  negative  value  for  the 
expression. 

The  basic  assumption  which  causes  the  first  deficiency  of  SIGOP 
mentioned  above  is  that  the  main  platoon  of  traffic  will  enter  each  link 
precisely  at  the  start  of  green  of  the  upstream  node  (controller).      Of 
course,   this   can  only  occur  if  the  offset  difference  between  the  upstream 
controller  and  the  second  or  preceding  upstream  controller  is  exactly  equal 
to  the  travel  time  on  the  link  upstream  of  the  link  in  question  and  that  the 
main  platoon  is   released  at  the  start  of  green  at  the  second  upstream  con- 
troller.     (This   reasoning  assumes  no  secondary  flow  for  simplification  of 
presentation.  )     This  perfect  offset  relationship  can  only  be  achieved  using 
one-way  streets.     In  the  case  of  two-way  streets,   the  network  must  have 
perfect  geometry  wherein  the  travel  times  on  each  link  are  exactly  half  the 
cycle  length  or  even  multiples  of  the  cycle  length. 

In  most  applications,    these  conditions  do  not  exist.     Asa  result,    the 
offset  errors  become  relatively  large.      That  is,    vehicles  released  from 
one  node   (intersection)  arrive  at  the  downstream  node  well  after  the  down- 
stream signal  changes  to  green.      This  offset  error  is  not  accounted  for  in 
establishing  the  offset  for  the  second  downstream  node  in  the  original 
SIGOP. 

This  shortcoming  is  overcome  in  TANSTP  by  including  continuity 
links  in  the  network  as  shown  in  Figure  9  below. 


Figure  9.     Simple  Network  Demonstrating  Continuity  Links   (Links   5  and  6 
are  Continuity  Links) 
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The  continuity  links  are  automatically  constructed  and  inserted  into 
the  network  by  the  TANSTP  LSTSQS  routine.      The  user  is  relieved  of  the 
task  of  having  to  insert  the  characteristics  of  each  continuity  link  which 
includes  the  link  length,    the  link  weighting  factor,    and  the'  upstream  and 
downstream  nodes. 

However,    for  each  physical  link  in  the  network,    he  must  provide  the 
following  data: 

a)  The  second  upstream  node  number,    L 

b)  The  first  upstream  node  number,    M 

c)  The  first  downstream  node  number,    N 

d)  The  second  downstream  node  number,    O 

These  data  are  contained  in  Subroutine  LINKD  in  the  array  LMNO. 
The  descriptors  L,   M,    N,    O  for  a  link  connecting  nodes  M  to  N  are 
depicted  in  Figure   10  below. 


£> 


M    J -*►{    N    *-{    O 


Figure   10.     Descriptors  L,    M,    N,   O  for  Link  Connecting 
Node  M  to  Node  N 


The  second  through  fourth  shortcomings  of  the  SIGOP  algorithm 
listed  above  are  overcome  through  computing  a  linear  transformation  which 
gives  the  start  time  of  each  controller  phase  as  a  function  of  the  A-Phase 
offset.      (The  offsets  d^  and  d;  in  the  SIGOP  objective  function  are  the 
A-Phase  offsets.  )     These  transformations  are  a  function  of  the  controller 
type  and  the  phase  ordering  at  a  given  controller.     The  transformations  are 
computed  in  Subroutine  CORRECT  and  are  added  to  the  idealized  offsets, 
R{p    for  those  links  which  do  not  connect  the  A-Phase  at  the  upstream  con- 
troller to  the  A-Phase  at  the  downstream  controller.      The  proper  transfor- 
mation for  any  link  is  a  function  of  the  link  phasing  code,    LFZE,    which  is 
assembled  into  Subroutine  LLGTHF  for  each  link.      The  case  where  oppos- 
ing movements  overlap  one  another  is  simply  handled  by  designating  the 
leading  movement  as  A-Phase  and  the  lagging  movement  as  C- Phase,    or 
vice  versa.      The  reader  should  consult  Section  4.  3.  1  and  4.  3.  6  of  Volume  2 
for  further  details  on  the  linear  transformations  and  the  controller  types. 

The  LSTSQS  routine  is  called  by  Routine  MACRO  of  the  Priority 
Level  5  loop  if  at  least  one  section  of  controllers  is  in  the  Traffic 
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Responsive  Mode.     Upon  entry,   a  test  is  made  on  the  array,    ISB,   to  deter- 
mine if  it  has  changed  since  the  last  pass  through  the  MACRO  loop.     The 
array  ISB  contains  the  group  numbers  in  each  subnetwork.,     If  this  array 
has   changed,    the  subnetworks  have  been  reconfigured  and  thus  reoptimiza- 
tion  is  required.     The  flag,   IREOPT,    is  set  to  indicate  that  reoptimization 
is  to  occur. 

Routine  LSTSQS  then  enters  a  "Do  Loop"  on  all  subnetworks  to  be 
optimized.  Upon  entry  into  this  loop,  Routine  LSTSQS  calls  Subroutine 
LINKD  to  obtain  the  following  data: 

a)  The  first  generation  controller  numbers  in  each 
subnetwork. 

b)  The  first  generation  link  numbers  associated  with  each 
subnetwork  link. 

c)  The  first  and  second  upstream  controller  numbers 
associated  with  each  link. 

d)  The  first  and  second  downstream  controller  numbers 
associated  with  each  link. 

e)  The  second  generation  link  numbers  associated  with 
each  subnetwork  link. 

Predicted  speeds  and  volumes  are  then  obtained  for  each  link  from 
the  PS  and  PV  array,    respectively.     Subroutine  LLGTHF  is  called  for  each 
link  to  obtain  link  lengths,    link  importance  factors,    and  link  phasing  codes. 
The  idealized  offsets   (the  R^-  of  Equation  3.  4-1)  and  the  link  weighting  fac- 
tors  (the  Aij  of  Equation  3.  4- 1 )  are  then  computed  for  each  link.      The 
idealized  offsets  and  weighting  factors  are  stored  into  the  FIDEAL  and 
AMN  arrays   for  each  link,    respectively. 

A  subscript  matching  loop  is  then  entered  to  automatically  insert  the 
continuity  links  into  the  subnetwork  to  be  optimized. 

The  average  vehicle  delay  in  the  subnetwork  under  consideration  is 
then  predicted  for  the  ensuing  optimization  time  period  using  the  existing 
signal  timing  pattern. 

The  E  matrix  and  vectors  X  and  Y  of  Equations   3.  4-3  and  3.  4-4  are 
then  computed  for  the  subnetwork  under  consideration.     The  series  of 
random  games  is  then  played  using  the  expression  of  Equation  3.  4-4  to 
determine  the  M{;  and  associated  offsets  which  yield  the  minimum  value 
for  the  objective  function  of  Equation  3.  4-  1.      The  starting  points  for  the 
random  games  are  not  preselected. 

The  above  process  is  repeated  for  each  cycle  length  in  the  cycle 
length  array,    CYC,    established  by  Routine  RTSND  for  each  subnetwork. 
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Subroutine  CORRECT  is  called  for  each  link  for  every  cycle  length  to  com- 
pute the  linear  transformations  to  adjust  the  idealized  offsets  as  described 
earlier.     The  cycle  length  and  offsets  which  yield  the  minimum  value  of  the 
objective  function  are  saved  in  the  arrays   CL  and  AE,    respectively. 

The  average  vehicle  delay  in  the  subnetwork  under  consideration  is 
predicted  for  the  ensuing  optimization  time  period  using  the  newly  com- 
puted pattern.     This  delay  is  compared  to  the  predicted  delay  using  the 
existing  pattern  computed  earlier.     If  the  newly  computed  pattern  gives  a 
significant  reduction  in  delay  (a  reduction  greater  than  the  preset  value  of 
CHNGTH),    the  optimization  required  flag,   IREOPT,    is  set. 

The  flag,    IREOPT,    is  then  tested  to  determine  if  the  new  pattern 
should  be  implemented.     If  it  is  set,    Subroutine  LOADAT  is  called  to  com- 
pute and  pack  the  entry  variable  interval  durations  and  the  entry  offsets 
into  the  appropriate  arrays   of  the  data  base  as  described  in  Section  2.     If 
the  flag,    IREOPT,    is  not  set  the  newly  computed  pattern  is  not  imple- 
mented,   the  call  to  LOADAT  is  bypassed,  ■  and  processing  of  the  next  sub- 
network begins. 

After  all  subnetworks  have  been  processed,    Routine  LSTSQS  returns 
to  Routine  MACRO. 

A  logic  flow  diagram  of  Routine  LSTSQS  is  given  in  Figure  11. 
Definitions  of  all  variable  names  used  in  the  code  are  given  in  Table   14. 

3.  5.  3     Cross  Reference 

Routine  LSTSQS  is  called  by  Routine  MACRO  on  the  5-minute  mark 
if  a  traffic  responsive  pattern  was  not  implemented  on  the  previous 
5-minute  mark.      Routine  LSTSQS  calls  the  following  Subroutines:     LINKD, 
LDMOE5,    LLGTHF,    DELDAT,    PERI05,    CORRECT,    and  LOADAT. 
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(ENTER  SUBROUTINE 
LSTSQS  FROM 
MACRO 
ARGUMENT;  I1JJ 


DEFINE  FUNCTION 
LINF(1)=  0*0-U) 


HAVE  SUBNETWORKS 
RECONFIGURED 
SINCE  LAST  PASS?  - 
IF  SO,  FORCE 
REOPTIMIZATION 


1111=  1 


ISO 


+  ISB  (1,1111) 


(llll)\ 

V   /•■■■/ 

?  y0< 

1 

|  =  ISB  0/IIM) 
.#-^ 

IREOPT  =  1 

ISO  (IHI)=  ISB  (1,1111) 

* 

1111=  1111  +  1 

<8 


INDEX  FOR 
SUBNETWORKS 
11=  1,IIJJ 


O^ 


IRNDM=  827 


Figure  11.     Routine  LSTSQS 
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X 


CALL  LINKD 


[SB,  INT5,  LINK,  LNDEX 
INDEX,  INDEX,  ONDEX,  LINK2 


INDEX  FOR  CONTROLLER 
NUMBERS    1  =  1 ,  45 


NO 


Figure  11.      Routine  LSTSQS  (Continued) 
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Figure  11.     Routine  LSTSQS  (Continued) 
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INITIALIZE  LINK  INDEX 
KMIN=  1 
IX        =0 


I 


INDEX  FOR  1ST  GENERATION 
LINK  NUMBERS 
IS=  1,  LNKS 


IS  1ST 

UPSTREAM 

NODE  OR  1ST 

DOWNSTREAM 

NODE  FOR  THIS 

LINK  EQUAL  TO  ZERO 

INDEX  (IS)=  0OR 

,JNDEX  (IS)  =  £. 

.?, 

NO 


YES 


19 


INCREMENT  COUNTER  INDICATING 
NUMBER  OF  ACTUAL  LINKS  WITH 
UPSTREAM  AND  DOWNSTREAM  NODES 
IX  =  IX  +  1 


SET  ALL  NODES  FOR  THIS  LINK 
LNDEX  OX)   =  LNDEX  OS)  2ND  UPSTREAM 
INDEX  OX)    =  INDEX  OS)  1ST  UPSTREAM 
JNDEX  (IX)  =  JNDEX  (IS)  1ST  DOWNSTREAM 
ONDEX  OX)  =  ONDEX  OS)  2ND  DOWNSTREAM 


Figure  11.      Routine  LSTSQS  (Continued; 
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LI  =  LINK  OS) 
L2=  LINK2  OS) 


i 


CALL  LDMOE5 


LI,  IVOL,  ISPEED,  IOCC 


YES 


-© 


CALL  LLGTHF 


L2,  LGTH,  IFZE,  LiMF,  ISFAC 


I 


OCC=  IOCC 


nrC^N> 

<OCTH 

OCC=0 

^J^/^ 

X>OCTH 

COMPUTE 
SECONDARY 
FLOW 
FACTOR 


SFADD=  ISFAC 
SFADD=  SFADD/100. 
SFF        =  SECDFF  *  SFADD 


Figure  11.      Routine  LSTSQS  (Continued) 
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CONVERT  LENGTH  TO  A  REAL  NUMBER 
FLNGT  =  LGTH 


IVOL    =  PV  (LINK  (IS)) 
ISPEED  =  PV  (LINK  (IS)) 


CONVERT  SPEED,  VOLUME,  AND  WEIGHTING  FACTOR 
TO  REAL  NUMBERS 


VOL=  IVOL 


FLIM=  LIMF 


SPEED  =  ISPEED 


VOL  =  VOL  +  OCCW  *  OCC  *  XD 


SPEED  =  66 


>66 


VOL=  100. 


-^ 


SPEED  =  15 


LIMIT  VOLUMES 
AND  SPEEDS 


i 


i 


SPEED  =  SPEED  *  CMITFT 
SPEED  =  SPEED  *  SFF 


Figure  11.      Routine  LSTSQS  (Continued) 
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COMPUTI  WBGttTING  FACTOR  FOt  UN*  IX 
AMN  f  X)  ■  )®  •  VOL  •  RIM 
COMPUTI  HKAUZED  OFFSET  FOt  LINK  IX 
nOEAL  |X)  -  PLNGTAFEf  D 


IFAZE  |X)  ■  If  ZE 


© 


1NCRBAINT  LINK 

INDEX 

IS-IS  +  1 


SET  MAXIMUM  NUMBBt  OF 
ACTUAL  LINKS  KMAX-IX 


5 


INITIALIZE  INDICATOR  FOR  NUMBER  OF 

ACTUAL  UNKS  PLUS  CONTINUITY  LINKS 

IXX  m  IX 

RESET  COUNTER  FOR  NUMBER  OF  ACTUAL] 

UNKS 

IX -0 


INDEX  FOR  1ST  GENKATION  LINK 
NUMBERS  FOR  OUTER  LOOP 
IS-  1,  LNKS 


& 


i 


INITIAUZE  INDEX  INDICATING  NUMBER  OF 
UNKS  WITH  EXISTING  UPSTREAM  AN? 
DOWNSTREAM  NODES  IN  INNER  LOOP 
UX*0 


5 


Figure  11.     Routine  LSTSQS  (Continued) 
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IS  1ST 
UPSTREAM 
NODE  OR  1ST 
DOWNSTREAM  NODE 
FOR  THIS  LINK  EQUAL  TC 
.ZERO  INDEX  (IS)  = 
[NDEX  (IS)  = 
? 

NO 


YES 


INCREMENT  COUNTER  INDICATING 
NUMBER  OF  ACTUAL  LINKS  IN  OUTER  LOOP 
IX  =  IX  +  1 


INDEX  FOR  1ST  GENERATION  LINK  NUMBERS 
FOR  INNER  LOOP 
ISS  =  1,  LNKS 


IS  1ST 

UPSTREAM 

NODE  OR  1ST 

DOWNSTREAM  NODE 

FOR  THIS  LINK  EQUAL  TO 

ZERO?  INDEX  flSS)  =  0 

sOR  JNDEX  (ISS)  = 


YES 


NO 


INCREMENT  COUNTER  INDICATING  NUMBER 
OF  ACTUAL  LINKS  IN  INNER  LOOP 
UX=  IIX+  1 


Figure  11.     Routine  LSTSQS  (Continued) 
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L  =  LNDEX  (IX) 
I  =  INDEX  (UX) 


I  =  INDEX  OX) 
J=  JNDEX  (IIX) 


J  =  JNDEX  OX) 
0=  ONDEX  OIX) 


INCREMENT  COUNTER  INDICATING 
NUMBER  OF  ACTUAL  LINKS  PLUS 
CONTINUITY  LINKS 
IXX=  IXX+  1 


I 


COMPUTE  WEIGHTING  FACTOR  FOR  THIS 

CONTINUITY  LINK 

AMN  OXX)  =  (AMN  OX)  +  AMN  (IIX))/2 


5 


Figure  11.      Routine  LSTSQS  (Continued) 
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COMPUTE  IDEALIZED  OFFSET  FOR  THIS 

CONTINUITY  LINK 

FIDEAL  (IXX)  =  FIDEAL  OX)  +  FIDEAL  flIX) 


I 


STORE  UPSTREAM  AND  DOWNSTREAM  NODES  FOR 

THIS  CONTINUITY  LINK 

INDEX  (IXX)  =  LNDEX  OX)      JNDEX  OXX)  =  JNDEX  OX) 


IFZD=  IFAZE  OX) 
IFZU  =  IFAZE  (IIX) 


=  2,5,8 


COMPUTE  PHASING 
CODE  FOR  THIS 
CONTINUITY  LINK 


—    —   T 


=  0,1  ,2^fZJX=  6,7,8 


IFAZE  flXX)  =  2 


i 


IFAZE  0XX)=  8 


IFAZE  OXX)  =  5 


=  1,4,7 


r^'ViFZuV0'1'2, 

i     ^y    1 

J _       1=3,4,5        I 


IFAZE  OXX)  =6 


I 


i 


IFAZE  QXX)=  0 


IFAZE  OXX)  =  3 


I  0/1, 2^1FZlPX=  3,4,7 
? 


IFAZE  OXX)  =  1 


=  6 


,7,8        t 


IFAZE  OXX)  =4 


i 


I 


IFAZE  OXX)  =  7 


»  w  ^ 


Figure  11.     Routine  LSTSQS  (Continued; 
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& 
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ISS=  ISS+  1 


SET  MAXIMUM  NUMBER  OF  ACTUAL 
LINKS  PLUS  CONTINUITY  LINKS 
KMAXS  =  IXX 


I 


DELWO  0HI)=  0.0 


I 


INDEX  FOR  LINKS 
K=  KMIN,  KMAXS 


3 


PREDICT  NETWORK 
DELAY  USING 
CURRENT  PATTERN 


iup  =  Index  (k) 

iup  =  ints  (iup) 

idn  =  index  (k) 

idn  =  ints  (idn) 

JB  0)=  IUP 
JB  (2)=  IDN 
JB  (3)=  I  FAZE  (K) 


© 


Figure  11.      Routine  LSTSQS  (Continued) 
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CALL  DELDAT 


JB,  IO 


1 


OFUP 

=  IO  (l)/2. 
=  IO  (2)/2. 

OFDN 

CL 

=  IO  0)/2. 

DDD 

=  (FIDEAL  (K)  + 

OFUP- 

■  OFDN)/CL 

FLO 

=  -0.5 

HI 

=  0.5 

RANGE 

=  1. 

CALL  PERI05 


DDD,  FLO,  HI,  RANGE 


I 


DDD=  ABS  (DDD) 


DELWO  (1111)=  DELWO  OHI) 
+  AMN  (K)  *  DDD 


NO 


DELWO  fllllj=  DELWO  0111)  *  300/CL 


Figure  11.     Routine  LSTSQS  (Continued) 
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GET  THE  CANDIDATE  CYCLE  LENGTHS 

CURV  (JJJJ)  AND  SET  THE  INITIAL  MINIMUM 

LEAST  SQUARES  RESIDUES  ADL  gjJJ)  FOR 

SUBNETWORK  =  ill! 

CURV  (JJJJ)  =  CYC  0111/  JJJJ) 

ADL  gjJJ)     =  1000000 


I 


ASSEMBLE  A  MATRIX  OF  WEIGHTING 
FACTORS  IN  THE  ARRAY  E 


I 


INVERT  THE  MATRIX  BY  FORMING  A  TRINGULAR 
MATRIX,  INVERTING  THE  LOWER  TRIANGLE,  AND 
CALCULATING  THE  ELEMENTS  OF  THE  INVERSE 
MATRIX.    THE  INVERTED  MATRIX  IS  STORED  IN 
THE  ARRAY  E. 


FILL  LAST  MATRIX  ROW  WITH  ZEROS 


COMPUTE  ARRAY  G  FROM  THE  INVERSE 
OF  LINK  WEIGHTING  FACTOR  MATRIX 
AND  LINK  WEIGHTING  FACTORS 
G  (K)  =  G  (K)  +  E  (LU)  -  E  (LLL) 


I 


COMPUTE  DECISION  VECTOR  FOR  ALL  LINKS  WHERE 

K=  KMIN,  KMAXS 

X  (K)  =  0.5  *  (AMN  (K)  *  (AMN  (K)  *  BETA  (K)  +  1)) 


Figure  11.     Routine  LSTSQS  (Continued; 
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0 


SET  FLAG  TO  INDICATE  OPTIMAL  CYCLE 
LENGTH  NOT  YET  FOUNT 
IOP=  0 


<NC 


INDEX  FOR  CANDIDATE  SIGNAL 

CYCLE  LENGTHS 

JJJ=  1,  NCYCLE  QUI)     


EE 


COMPUTE  LINK  K  IDEALIZED  OFFSETS  IN 
FRACTION  OF  CYCLE  LENGTH  WHERE 
K=  KMIN,  KMAX 


I 


IUP      =  INDEX  (K) 
IO  0)=  INTS  (IUP) 
IDN     =  JNDEX  (K) 
IO  (2)  =  INTS  (IDN) 
10  (3)=  IFAZE  (K) 
IO  (4)  =  CURV  (J  J  J) 


I 


CALL  CORRECT 
IO,  ICORR 


i 


FICOR  =  ICORR 

FIDEAL  (K)  =  FIDEAL  (K)  +  FICOR/2. 


I 


SCL     =  1  ./CURV  (JJJ) 
Q  (K)=  SCL*  FIDEAL  (K) 


SET  CRITERION  THRESHOLD  FOR  SECOND  ORDER 
MINIMUM  (EPSI),  MODIFY  SEED  FOR  RANDOM 
NUMBER  GENERATOR  (IRNDM),  AND  INITIALIZE 
MINIMUM  DELAY  (DLYMN) 

EPSI  =  0.00001      IRNDM=  2*  IRNDM  +  1     DLYMN  =  !.OE  +  35 


Figure  11.      Routine  LSTSQS  (Continued) 
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INITIALIZE  FOR  RANDOM  START  FOR 
SEARCH  FOR  SECOND  ORDER  MINIMUM 


I 


INITIAL  VALUE  OF  OFFSETS  FROM  RANDOM 
NUMBER  GENERATOR  AT  START  OF  GAME 
FOR  EACH  INTERSECTION 
TD  0)=  RNDMX  *  2.384185791015625  E-7 


I 


INITIALIZE  ARRAY  OF  RESIDUES  OF  THE 
OPTIMAL  OFFSET  DIFFERENCE  AND  IDEAL 
OFFSET  FOR  EACH  LINK 
Tl  =  QQ  (KK)  +  TD  (I)  -  TD  (J) 

GQ  (KK)  =  Tl  WHERE  -  0.5      Tl      0.5 


I 


ARRAY  OF  WEIGHTED  OFFSET  DIFFERENCES 

FOR  EACH  LINK  PAIR 

C  0)  =  C  0)  "  AMN  (K)  •  Tl 

C  (J)=C  (J)  + AMN  (K)  *T1 


0. 


i 


IN  A  GIVEN  FIXED  REGION  INITIAL 

OPTIMAL  SIGNAL  OFFSETS  FOR 

EACH  INTERSECTION 

DO)    =  D  flj+E  (LIJ)*C  0) 

TD  (l)=TD  (I)*  D  (I) 


ARRAY  OF  RESIDUES  OF  THE  OPTIMAL 
OFFSET  DIFFERENCE  AND  IDEAL 
OFFSET  FOR  EACH  LINK  IN  A  GIVEN 
REGION  (LOCAL) 
QQ  (KK)  =  QQ  (KK)  +  D  (I)  -  D  (J) 


5 


Figure  11.     Routine  LSTSQS  (Continued) 
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SEARCH  FOR  NEIGHBORING  OPTIMA 


I 


COMPUTE  DECISION  VECTOR  Y  FOR  EACH 
OPTIMIZABLE  LINK  KK  IN  THE  SUBNETWORK 
Y  (KK)  =  +  AMN  (KK)  *  QQ  (KK) 


n 


COMPUTE  CHANGE  IN  DELAY  DUE  TO 
SHIFT  TO  NEIGHBORING  REGION 

IN  N2  DIMENSIONAL  SPACE 
CHDLY=  X  (KK)  -  IY  (KK)  1 


IS 

CHDLY  > 

PREVIOUS  MAXIMUM 

REDUCTION  IN  DELAY?,  I.E.-,  IS 

CHDLY  >  CHMAX 

? 


SET  INDEX  FOR  GRADIENT  CHANGE 
WHICH  PROVIDES  MAXIMUM 
REDUCTION  AND  SET  DELAY 
MAXK=  K 
CHMAX  =  CHDLY 


NO 


HAVE  ALL 
LINKS  BEEN 
PROCESSED 
.? 

YES 


DOES 

CHMAX  SATISFY 

CRITERIA  FOR  SECOND  ORDER 

MINIMUM  (NON-NEGATIVE)?,  I.E.,  I£. 

CHMAX  >  -  EPSI 

? 


NO 


Figure  11.     Routine  LSTSQS  (Continued) 
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IS 

CHMAX  > 

GREATEST  REDUCTION^ 

IN  DELAY  FOR  THIS  GAME?, 

I.E.,  IS  CHMAX 

>CHMAXL 

? 


.YES 


CHMAXL=  CHMAX 


BITERS  =  ITERATION  NUMBER  MINUS  50 
BITERS  =  ITERS  -50 


YES 


-0 


CITERS=  ITERS  -100 
DITERS=  ITERS -150 


© 


Figure  11.     Routine  LSTSQS  (Continued) 
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Figure  11.      Routine  LSTSQS  (Continued] 
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FOR  THE  LINK  WHICH  RESULTED  IN 
THE  GREATEST  CHANGE  IN  DELAY 
DUE  TO  GRADIENT  CHANGE 


COMPUTE  FINAL  DELA.Y  OVER  ALL  LINKS 
DELAY  =  DELAY+  AMN  (K)  *  QQ  (K)  *  QQ  (K) 


COMPUTE  NEW  RESIDUE  OF  THE 

OPTIMAL  OFFSET  DIFFERENCE 

AND  IDEAL  OFFSET 

QQ  (KK)  =  QQ  (KK)  +  EN     WHERE 

EN*±1.0 


© 


AMNP=  AMN  (K)  •  EN 
I  ■  INDEX  (K) 

J  -  JNDEX  (K) 


=i 


FOR  ALL  INTERSECTIONS 
COMPUTE  OFFSETS 
L=  1,  NN 


YES 


-^-~ 


LLJ=  LINF  CJ)+L 


LU=  LINF  (L)+J 


YES 


LLI=  LINF  0)+  L 


LU=  LINF  (L)  +  | 


Figure  11.     Routine  LSTSQS  (Continued! 
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S  = AMNP*  (E(LLJ)  -  E(LLI)) 

DD  (L)  =  DD  (L)  +  S 
DC)    =  DD  (L) 
TD  (L)  =tD  (L)  +  S 


ADL  gjJ)  =  DELAY 


MODULO  THE  INTERSECTION  OFFSETS  (D  0)) 
0  <  D  (I)  <  1 


Tl  =  DIFFERENCE  BETWEEN  DELAY  FOR  THIS  GAME 

AND  MINIMUM  DELAY 
Tl  =  (DELAY  -  DLYMN)/DLYMN  OR 
Tl  =  DELAY  -  DLYMN  IF  DLYMN      0.00001 


Figure  11.      Routine  LSTSQS  (Continued) 
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Figure  11.      Routine  LSTSQS  (Continued) 
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OBTAIN  THE  SMALLEST  OF  THE 
MINIMUM  WEIGHTED  LEAST  SQUARES 
RESIDUE  FOR  EACH  TESTED  SIGNAL 
CYCLE  ^DL  0))  AND  THE  INDEX  J 


SET  THE  CYCLE  LENGTH  WHICH 
GAVE  THE  SMALLEST  DELAY 
CL=CURV  (J) 


SET  CYCLE  LENGTH  FOR  ONE 
MORE  SET  OF  RANDOM 
GAMES  TO  RESTORE  THE 
OPTIMAL  OFFSETS  FOR  THIS 
CYCLE  LENGTH 
CURV  0)=  CL 


SET  FLAG  DENOTING  OPTIMAL 
CYCLE  LENGTH  HAS  BEEN  FOUND 
IOP=l 


Figure  11.      Routine  LSTSQS  (Continued; 
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0 


RESET  I  OP  FLAG  FOR 
NEXT  SUBNETWORK 
IOP=  0 


0 


I 


IS=  INDEX  FOR  INTERSECTIONS 


1 


INTERSECTION  ENTRY  DATA,  MACA 

NUMBER  OF  INTERSECTION  PHASES  (IINT  (4)),, 
A-  PHASE  SPUT  (IINT  (6)),  AND  C-PHASE 
SPLIT  (IINT  (7)) 


I 


A-PHASE  OFFSET  IO  (2)  AND 

B-PHASE  OFFSET  IO  (3)  FOR  OUTPUT  ARRAY 

IO  (2)  =  AE  (IS)*CL  +  0.5 

ITEMP  =  IO  (2)  +  IINT  (6)  *  CL  *  XD  +  0.5 

IO  (3)  =  ITEMP  WHERE  0     ITEMP     CL 


Figure  11.      Routine  LSTSQS  (Continued) 
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RESET  I  OP  FLAG  FOR 
NEXT  SUBNETWORK 
IOP=0 


DELWN  0111)=  0 


PREDICT  SUBNETWORK  DELAY  WITH  NEW 
PATTERN  OVER  ALL  LINKS,  K  WHERE 
K=  KMIN,  KMAXS 


1 

=  INDEX  (K) 

J 

=  JNDEX  (K) 

DDD 

=  FIDEAL  (K)/CL  + 

D(l)- 

■  D 

0) 

FLO 

=  -0.5 

HI 

=  0.5 

RANGE 

=  1 

I 


CALL  PERI05 


DDD,  FLO,  HI,  RANGE 


I 


DDD  =  ABS  (DDD) 

DELWN  (llll)  =  DELWN  GUI)  +  AMN  (K)  *  DDD 


T 


DELWN  (UN)  =  DELWN  CHI)  *  300/CL 


1 


CHCR1T  =  PELWN  jlll) -DELWO  QUI)) 
^™~KU  DELWO  (llll) 


Figure  11.      Routine  LSTSQS  (Continued) 
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CNG  *  -  CHNGTH 


<CNG 


>CNG 


1 


KEOPT-  1 


HRDLY=  1 


I 


LOAD  NEW  PATTERN  INTO  ENTRY  ARRAY 
FOR  ALL  CONTROLLERS,  IS  WHERE 
IS=  1,  NN 


I 


ICONT-  INTS  AS) 
IO0)    »CL 

IO  C)    -  AE  flS)  *  CL  +  0.5 
IO  (3)  =•  mi 


I 


CALL  LOADAT 


ICONT,  IO 


I 


1111s  IIII  +  1 


Figure  11.     Routine  LSTSQS  (Continued) 
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Figure  11.      Routine  LSTSQS  (Concluded) 
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3.6     ROUTINE  INTFC 

3.  6.  1     Purpose 

The  purpose  of  Routine  INTFC  is  to  optimally  interface  each  adjacent 
subnetwork  established  by  Routine  RTSND.      The  interface  is   optimized  by 
insuring  that  vehicle  delay  in  minimized  on  the  interface 'links   connecting 
two  subnetworks  at  the  midpoint  of  the  ensuing   10-minute  time  interval. 
(Please  refer  to  Paragraph  3  of  Section  8.  1   (of  Volume  3)  for  the  reason 
for  the   10-minute  interval.  ) 

3.  6.  2    Method 

The  methodology  used  is  to  determine  an  interface  parameter  which 
when  added  to  the  newly  computed  entry  offsets  of  one  of  the  subnetworks 
on  an  interface  boundary  will  minimize  delay  on  the  interface  links. 

A  quadratic  delay  function,  similar  to  the  form  in  Subroutine  LSTSQS 
(Section  3.  5),  is  assumed  for  the  links  connecting  intersections  between  the 
two  subnetworks.      This   function  is 

D ■=  Z'Z  A..  [IO..   +  O.  -  O.  +  Ql2 

where 

A,  •  is  the  link  weighting  factor 

IO..  is  ideal  offset  on  link  ii 

■    ■   ij  J 

O-  are  the  entry  offsets  of  the  interface  intersections   in 
Subnetwork  1    (Base  subnetwork) 

O.  are  the  entry  offsets  of  the  interface  intersections   in 
J  Subnetwork  2  (Slaved  subnetwork) 

Q  is  the  interface  parameter 

D  is  the  total  delay  over  all  links 

This  delay  function  has  only  one  independent  variable,    Q.     O^  and  O- 
have  been  determined  by  the  network  optimization  routine.      The  function  is 
minimized  by  setting  the  partial  derivitive  of  D  with  respect  to  Q  equal  to 
zero  and  solving  for  Q  giving: 

EEA..  A.. 
i   i      ij      iJ 

i  5     1J 
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where  the  summation  is  over  all  interface  links,   A.  is  the  link  weighting 
factor,    and 

A..  =  IO..  +  O.  -  O.  •  (3.  6-2) 

Routine  INTFC  program  coding  is  described  below.     When  the  inter- 
face flag  INTF  indicate  computations  are  to  performed  for  a  given  inter- 
face, the  entry  cycle  length  and  time  in  the  cycle  are  determined  for  the 
two  contiguous  subnetworks.     The  times  in  the  cycle  time  counters  of 
Routine  N  are  extrapolated  to  the  midpoint  of  the  ensuing  10- minute  control 
period  as  follows: 

ECYC  =  ECYC  +  OPTIME/2. 

ECYC2  =  ECYC2  +  OPTIME/2. 

where 

ECYC  is  the  current  time  on  cycle  time  counter  of  Routine  N 
for  the  entry  cycle  length  in  the  cycle  of  Subnetwork  1 

ECYC2  is  the  current  time  on  the  cycle  time  counter  of  Routine  N 
for  the  entry  cycle  length  of  Subnetwork  2 

These  times  are  then  normalized  by  their  respective  cycle  lengths. 

Data  are  obtained  for  each  of  the  interfacing  intersections.     The 
entry  offsets  for  the  intersections  in  Subnetwork  2  (XOFS2)  and  the 
Subnetwork  1   (XOFS)  are  obtained.     A  link  weighting  factor  A(K)  and  an 
idealized  offset  ZO(K)  for  the  link  approaching  each  intersection  in 
Subnetwork  1  are  obtained.     Then  the  A-  of  Equation  (2)  are  computed  for 
the  links  approaching  Subnetwork  1  by  the  following  computations. 

XOFSP  =  ZO(K)  -  XOFS 

XOFSP  =  XOFSP  -  ECYC  • 

DEL  =  XOFSP  +  XOFS2  =  A.. 

y 

Then  the  weighting  factors  A(K)  and  the  weighted  offset  differences  are 
added  to  the  sums  for  the  interface. 

SUMADL  =  SUMADL  +  A(K)  *  DEL 

SUMA  =  SUMA  +  A(K) 

The  A.,  for  a  link  departing  Subnetwork  1  is  then  computed  as 
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XOFSP  =  ZO(K)  +  XOFS 

XOFSP  =  XOFSP  -   ECYC 

DEL  =  XOFSP  -   XOFS2  =  A.. 

and  A(K)  and  A(K)  *  DEL  are  added  to  SUMA  and  SUMADL,    respectively. 

When  all  the  A—  for  all  the  interfacing  links  have  been  processed  the 
interface  parameter  is  computed  as 

Q-  =.  -  SUMADL/SUMA 

Then  the  controllers  in  Subnetwork  2  are  obtained  and  Q  is  added  to 
the  entry  offset  of  each  controller. 

A  flow  chart  of  the  program  is  presented  in  Figure   12  and  the  vari- 
able names  used  in  Subroutine  INTFC  are  defined  in  Table   15. 

3.  6.  3     Cross  Reference 

Routine  INTFC  is   called  by  Routine  MACRO  if  a  new  traffic  respon- 
sive pattern  is  to  be  implemented.      Routine  INTFC  calls  the  following 
Subroutines:    ENTCYCL,    PERI0  5,    MACA,    LLGTHF,    LKCROS,    LDMOE5, 
GETINT,    and  PUTEOFF. 
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/ENTER  ROUT 
(  FROM  MACRO 
\ARGUMENT:    IIJJ 


NO 


600 


COMPUTE  NUMBER  OF 
POSSIBLE  INTERFACES 
NSBM1  =  IIJJ  -  1 


SET  MODE  FLAG  FOR 
GROUP  INTERFACE 
IGRPF=  1 


RESET  MODE  FLAG  FOR 
SECTION  INTERFACE 
IGRPF=  0 

i 


COMPUTE  WHICH 
SECTIONS  INTERFACE 
INTF  0)=  INTF  0)- 
NGRPIF 


Figure  12.     Routine  INTF C 
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OBTAIN  FIRST  CONTROLLER, 
INT  IN  MASTER  SUBNETWORK 


IPR    =  INTF  0) 
IND=  NGRPI  (IPR) 
INJ  =  INTN  (IND) 


YES 


EXTRAPOLATE  TIME  TO  MIDPOINT 
OF  ENSUING  CONTROL  PERIOD 
ECYC  =  ECYC  +  60  *  OPTIME/2. 


1 


IND=  NGRPIS  (IPR) 
INT  =  INTNS  (IND) 


OBTAIN  CURRENT  TIME 
IN  MASTER  CYCLE  AND 
ENTRY  CYCLE  LENGTH 
FOR  CONTROLLER  INT 


CALL  PERI05 


VECYC,  ZR,  CYC,  CYC 


MODULO  EXTRAPOLATED 
TIME  TO  ENTRY  CYCLE 
LENGTH 


Figure   12.     Routine  INTFC  (Continued) 
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OBTAIN  FIRST  CONTROLLER,  INT 
IN  SLAVED  SUBNETWORK 
INT=  INTN2  (IND) 


OBTAIN  CURRENT  TIME  IN 
MASTER  CYCLE  AND  ENTRY 
CYCLE  LENGTH  FOR 
CONTROLLER,  INT 


EXTRAPOLATE  TIME  TO  MIDPOINT 
OF  ENSUING  CONTROL  PERIOD 
ECYC2  =  ECYC2  +  60.  *  OPTIME/2 


CALL  PERI05 


ECYC2,  ZR,  CYC2,  CYC2 


MODULO  EXTRAPOLATED 
—    TIME  TO  ENTRY  CYCLE 
LENGTH 


ZERO  SUM  OF  WEIGHTED 
OFFSET  DIFFERENCES  AND 
SUM  OF  WEIGHTING  FACTORS 
SUMADL=  0 
SUMA      =  o 


Figure  12.      Routine  INTFC  (Continued; 
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COMPUTE  INDEXES  FOR 
RETRIEVING  CONTROLLERS 
ALONG  THIS  INTERFACE 
INDX    =  NGRPI  (IPR  -  1) 
NOOX=  NINTF  (IPR) 


YES 


NO 


INDX    =  NGRPIS  (IPR)  -  1 
NOOX=  NINTFS  (IPR) 


COMPUTE  INTERFACE  PARAMETER; 
RETRIEVE  ALL  CONTROLLERS 
ALONG  INTERFACE 


J=  INDEX  ON  NUMBER  OF 
LINK  PAIRS  ACROSS 
INTERFACE 


399 


5 


INCREMENT  INDEX  TO  INTERFACE 
CONTROLLER  ARRAY 
INDX=  INDX+  1 


RETRIEVE  CONTROLLER  NUMBER 
IN  SLAVED  SUBNETWORK 
INT=  INTN2  (INDX) 


Figure  12.      Routire  INTFC  (Continued) 
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RETRIEVE  ENTRY  A,  B- 
AND  C  PHASE  OFFSETS 
FOR  CONTROLLER 


EXTRAPOLATE  OFFSETS  TO  MIDPOINT 
OF  ENSUING  CONTROL  PERIOD 
XOFS2    =  XOFS2  +  ECYC2 
XOFS2B  =  XOFS2B  +  ECYC2 
XOFS2C  =  XOFS2C  +  ECYC2 


T 


CALL  PERI05 


XOFS2,  ZR,  CYC2,  CYC2 
XOFS2B,  ZR,  CYC2,  CYC2 
X6FS2C,  ZR,  CYC2,  CYC2 


—  FORCE  OFFSETS  TO  RANGE: 
0<OFFSET<  CYCLE 


I 


TRANSLATE  SLAVED  SUBNETWORK 
OFFSETS  TO  MASTER  SUBNETWORK 
TIME  DOMAIN 


XOFS2  = 
XOFS2  - 
CYC 


XOFS2B  = 
XOFS2B  -  CYC 


XOFS2C 
XOFS2C 
CYC 


Figure   12.     Routine  INTFC  (Continued) 
192 


RETRIEVE  CONTROLLER  NUMBER 
IN  MASTER  SUBNETWORK 
INT=  INTN  (INDX) 


YES 


NO 


1 


INT=  INTNS  (INDX) 


Figure  12.      Routine  INTFC  (Continued) 
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CALL  MACA 


INJ,  XOFS,  XOFSB,  XOFSC 


RETRIEVE  ENTRY  A,  B,  AND 
-  C  PHASE  OFFSETS  FOR 
CONTROLLER 


EXTRAPOLATE  OFFSETS  TO  MIDPOINT 
OF  ENSUING  CONTROL  PERIOD 
XOFS    =  XOFS  +  ECYC 
XOFSB  =  XOFSB  ♦  ECYC 
XOFSC  =  XOFSC  +  ECYC 


CALL  PERI05 


XOFS,  ZR,  CYC,  CYC 
XOFSB,  ZR,CYC,  CYC 
XOFSC,  ZR,  ££,  Q£( 


MODULO  OFFSETS  TO 
CYCLE  LENGTH 


T 


COMPUTE  IDEALIZED  OFFSETS 
FOR  LINKS  ACROSS  INTERFACE 


I 


299 


COMPUTE  INDEX  FOR 
INTERFACE  LINKS 
INDP=  2*  INDX-2 

— -^ 


K  =  INDEX  ON  APPROACH/DEPART  LINKS 


I 


COMPUTE  INDEX  FOR  LINK 
AND  RETRIEVE  LINK 
INDL=  INDP+  K 
ILNK=  LINKN  (INDL) 


Figure   12.     Routine  INTFC  (Continued) 
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CALL  LLGTHF 


JLNJC,  FLGTH,  IFZE, 
FQM,  LS 


I 


CALL  LKCROS 


ILNK,  ILNK1 


CALL  LDMOE5 


ILNK1,  VOL,  SPEED,  OCC 


RETRIEVE  LINK  LENGTH, 
PHASING  CODE,  AND 
IMPORTANCE  FACTOR 


RETRIEVE  FIRST  GENERATION 
LINK  ASSOCIATED  WITH 
SECOND  GENERATION  LINK 


RETRIEVE  5-MINUTE 

SURVEILLANCE 

PARAMETERS 


VOL  = 
100 


VOL    =  PV  (ILNKT) 
SPEED  =  PS  (ILNK1) 


LIMIT  VOLUME  AND  SPEED 


SPEED  =  15 


Figure  12.     Routine  INTFC  (Continued) 
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CONVERT  SPEED  TO  FPS  AND 
ACCOUNT  FOR  SECONDARY  FLOW 
SPEED  =  SPEED  *  SECDFF  *  CMITFT 


COMPUTE  LINK  WEIGHTING  AND 

IDEALIZED  OFFSET 

A  (K)     =  VOL  *  FLIM  *  XD 

ZO  (K)  =  FLGTH/SPEED 


COMPUTE  OFFSET  DIFFERENCE  BETWEEN 
UPSTREAM  AND  DOWNSTREAM  CONTROLLERS; 
CORRECT  IDEALIZED  OFFSETS  TO  ACCOUNT 
FOR  PHASE  CODE 


=  2,5,8 


=  1,4,7 


=  1,4,7 


XOFS  = 

XOFS  = 

XOFS2  = 

XOFS  = 

XOFSB 

XOFSC 

XOFS2B 

XOFSC 

I 


=  2,5,8 


DEL  =  XOFS2  -  XOFS 


K   \ 

>=2 

:  -  DEL 

IS 

/ 

**      DLL  - 

T%2 

Figure  12.      Routine  INTFC  (Continued) 
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COMPUTE  IDEALIZED  OFFSET 
PLUS  DELTA  CONTROLLER 
OFFSETS  (OFFSET  ERROR) 
XOFSP=ZO  (K)  +  DEL 


CALL  PERI 05  \ 

XOFSP,  -CYC/2,  CYC/2,  CYC/~" 

'  I 


LIMIT  TO  ±  CYC/2 


BUILDUP  SUM  OF  WEIGHTED  LINK 
OFFSET  ERRORS  AND  SUM  OF 
LINK  WEIGHTS 

SUMADL  =  SUMADL  +  A  (K)  *  XOFSP 
SUMA      =SUMA  +  A(KJ 


K=  K+  1 


YES 


-    J=  J+  1 


COMPUTE  INTERFACE  PARAMETER 
Q  =  -  SUMADL/SUMA 


Figure   12.     Routine  INTFC  (Continued) 
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©■ 


ADJUST  OFFSETS  OF  SLAVED 
SUBNETWORK  BY  INTERFACE 
PARAMETER 


I 


DETERMINE  GROUPS  IN  SLAVED 
SUBNETWORK;  SET  INDICIES 
JJ  =  I  +  1  (SUBNETWORK  NUMBER) 
IHI=  NGRPSS  (JJ) 


IJ=  INDEX  ON  GROUPS 


*t 


RETRIEVE  GROUP  NUMBER 
IIGRP=  ISB  (IJ,  JJ) 


CALL  GETINT 
IIGRP,  INX 


RETRIEVE  LIST  OF 
CONTROLLERS  IN  GROUP 


0 


M=  INDEX  ON  CONTROLLER  LIST 


1 


YES 


RECORD  CONTROLLER  NUMBER 
INTER  =  INX  (M) 


200 


Figure  12.      Routine  INTFC  (Continued) 
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£ 


CALL  MACA 


NTER,  IRT 

x: 


_RETRIEVE  ENTRY  OFFSETS 
AND  CONTROLLER  TYPE 


KLP=  INDEX  ON  PHASES 


*■' 


RESET  TEMP  OFFSET  STORAGE 
IOFA  (KLP)=  0 


ADD  INTERFACE  PARAMETER  AND 

TRANSLATE  TO  CURRENT  TIME 

XOFA  =  IRT  (KLP)  +  Q  -  60  *  OPTIME/2. 


I 


CALL  PERI05 


XOFA,  ZR,  CYC2,  CYC2 


KLP=  KLP  +  1 


PUTIN  TEMP  STORAGE 
IOFA  (KLP)=  XOFA 


YES 


MODULO  TO 
CYCLE  LENGTH 


Figure   12.      Routine  INTFC  (Continued) 


199 


STORE  ENTRY  OFFSETS 


C    RETURN     J 


Figure  12.     Routine  INTFC  (Concluded) 
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3.  7     ROUTINE  TRNPAR 

3.7.1     Purpose 

The  purpose  of  Routine  TRNPAR  is  to  optimize  the,  transition  from 
the  current  pattern  to  the  newly  computed  pattern. 

3.7.  2    Method 

This  routine  determines  a  transition  parameter,    which  when  added 
to  the  entry  offsets  of  the  newly  computed  pattern,    minimizes  the  time  of 
transition  from  the  current  to  the  new  pattern.      Explicity,    the  value  of 
XMIN  is  found  which  minimizes  the  following  function: 

Number  of  , 

Controllers  ? 

F  =  V"    (DELOFF.  +  XMIN) 

i 

where  DELOFF.  is  as  defined  below, 
l 

The  data  used  to  compute  the  transition  parameter  are  obtained  from 
looping  over  all  groups  of  controllers  under  the  Traffic  Responsive  Mode 
of  control.      For  each  controller  in  each  group  the  following  parameters  are 
computed: 

WRKOFP.  =  WRKT  -  WRKOF. 
l  l 

ENTOFP.  =  ENTT  -  ENTOF. 
i  i 


DELOFF.  =  WRKOFP.  -   ENTOFP. 
ill 


where 


WRKT  is  current  time  on  cycle  time  counter  for  the  working 
cycle  length 

ENTT  is   current  time  on  cycle  time  counter  for  the  entry  cycle 
length 

WRKOF.  is  the  working  offset  of  controller  i 

ENTOF.   is  the  entry  offset  of  controller  i 

The  transition  parameter,    XMIN,    is  then  computed  as 

XMIN  =  SUMDEL/NOINT 
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■where 

NOINT 

SUMDEL  =  ^T      DELOFF. 

i=l 

NOINT  =  the  total  number  of  controllers  in  the  Traffic 
Responsive  Mode  of  control 

The  transition  parameter  is  then  added  to  the  entry  offsets  of  all  con' 
trollers  in  the  Traffic  Responsive  Mode  of  control.      Subroutine  PAKF  is 
then  called  for  each  group  of  controllers  under  the  Traffic  Responsive 
Mode  of  control  to  set  the  transition  flags,    TRANSF. 

A  logic  flow  diagram  of  Routine  TRNPAR  is  given  in  Figure   13. 
Definitions  of  all  variable  names  used  in  the  code  are  given  in  Table   16. 

3.  7.  3     Cross  Reference 

Routine  TRNPAR  is  called  by  Routine  MACRO  when  a  new  traffic 
responsive  pattern  is  to  be  implemented.      Routine  TRNPAR  calls  the  fol- 
lowing Subroutines:    GETINT,    ENTCYCL,    PERI05,    GETWORK, 
GETCYCLC,    GETEOFF,    MACA,    PUTEOFF,    and  PAKF. 
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/enter  routine  trnpar\ 

from  routine  macro  ) 

\argument:  iijj        j 


RESET  START  AND  STOP  GROUP 
INDICES  FOR  INDEPENDENT 
CONTIGUOUS  SUBNETWORKS 
(CONTIGUOUS  SUBNETWORKS 
WHICH  HAVE  NO  INTERFACES 
WITH  OTHER  CONTIGUOUS 
SUBNETWORKS) 
ISTART  (l)=  0 
IEND  (I)     =  0 


1=  1,2, 


,5 


I 


SET  COUNTER  FOR  NUMBER  OF 
INDEPENDENT  SUBNETWORKS 
NN=  1 


15s 

THERE 
ONLY  ONE 
SUBNETWORK? 
IIJJ  =  1 
?, 

NO 


YES 


GET  FIRST  GROUP  NUMBER 
ISTART  )1)=  ISB  (1,  1) 


I 


SET  START  AND  STOP  GROUP  NUMBER 
IN  CONTIGUOUS  SUBNETWORK 
ISTART  0)=  ISB  (1,  1) 
IHI  =  NGRPSS  0) 

IEND  (1)    =  ISB  (IHI,  1) 


SET  INDEX  FOR  TESTING  INTERFACE  FLAGS 
FOR  ESTABLISHING  INDEPENDENT  SUBNETWORK 
NSUBM1  =  IIJJ  -  1 


Figure  13.     Routine  TRNPAR 
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Illl  =  INDEX  FOR  INTERFACES 


RECORD  NUMBER  OF  GROUPS  IN 
INDEPENDENT  SUBNETWORK 
IHI=  NGRPSS  (III!) 


RECORD  LAST  GROUP  NUMBER  IN 
INDEPENDENT  SUBNETWORK 
IEND  (NN)=  ISB  (IHI,  till) 


I 


INCREMENT  NUMBER  OF 
INDEPENDENT  SUBNETWORKS 
NN=NN+1 


ESTABLISH  GROUP  STARTING  INDEX 
FOR  NEXT  INDEPENDENT  SUBNETWORK 
JJJJ=  =1111+1 

ISTART  (NN)=  ISB  (1,  JJJJ) 


000 


Figure  13.     Routine  TRNPAR  (Continued) 
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1111=  IIJJ  +  1 


J  999 


ESTABLISH  NUMBER  OF  GROUPS  IN 
LAST  CONTIGUOUS  SUBNETWORK 
IHI=  NGPSS  (IUJ) 


I 


RECORD  GROUP  NUMBER 

OF  LAST  GROUP 

IEND  (NN)=  ISB  (IHI,  IUJ) 


F 


JJKK  =  INDEX  ON  NUMBER  OF 

INDEPENDENT  CONTIGUOUS 
SUBNETWORKS 


n 


RESET  NUMBER  OF  CONTROLLERS 
AND  SUM  OF  OFFSET  CHANGES 
NOINT  =  0 
SUMDEL  =  0 


I 


RETRIEVE  START  AND  STOP 
GROUP  NUMBERS 
lLO=  ISTART  (JJKK) 
IHI   =  IEND  (JJKK) 


1015 


Figure   13.      Routine  TRNPAR  (Continued) 
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499 


INDEX  ON  GROUPS  IN  INDEPENDENT 
CONTIGUOUS  SUBNETWORK 


i 


CALL  GETINT 


I,  INTNO 


RETRIEVE  CONTROLLERS 

IN  GROUP 


IJ=  INTNO  0) 


CALL  ENTCYCL 
U,  ENTT,  ECYCLE 


ENTT=  ENTT+  10. 


I 


CALL  PERI05 


RETRIEVE  CURRENT  TIME 

IN  ENTRY  MASTER  CYCLE 

AND  ENTRY  CYCLE  LENGTH 
FOR  GROUP 


ANTICIPATE  NEW  PATTERN 
WILL  BE  IMPLEMENTED 
10  SECONDS  HENCE 


ENTT,  ZE,  ECYCLE,  ECYCLE 


MODULE  EXTRAPOLATED 
TIME  BY  CYCLE  LENGTH 


(3")~ 


J  =  INDEX  ON  CONTROLLERS 
IN  GROUP 


© 


Figure  13.     Routine  TRNPAR  (Continued) 
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RETRIEVE  WORKING 
INTERVAL  1  OFFSET 


RETRIEVE  CURRENT  TIME  IN 
WORKING  MASTER  CYCLE 
AND  WORKING  CYCLE  LENGTH 


EXTRAPOLATE  CURRENT 
TIME  BY  10  SECONDS 


MODULO  TIME  BY 
WORKING  CYCLE 


TRANSLATE  WORKING  OFFSET 
TO  TIME  DOMAIN  HAVING 
ORIGIN  10  SECONDS  HENCE 
WRKOFP=  WRKT  -  WRKOF 


Figure  13.      Routine  TRNPAR  (Continued) 
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CALL  PERI05 


MRKOFP,  ZE,  WCYCLE,  WCYCLE 


MODULO  OFFSET  BY 
WORKING  CYCLE 
LENGTH 


CALL  GETEOFF 
U,  ENTOF 


RETRIEVE  ENTRY 
INTERVAL  1  OFFSET 


TRANSLATE  ENTRY  OFFSET  TO 
TIME  DOMAIN  HAVING 
ORIGIN  10  SECONDS  HENCE 
ENTOFP  =  ENTT-  ENTOF 


CALL  PERI05 


ENTOFP,  ZE,  ENCYCLE,  ECYCLE 


I 


BUILDUP  OFFSET  DIFFERENCES 
AND  NUMBER  OF  CONTROLLERS 
DELOFF  =  WRKOFP  -  ENTOFP 
SUMDEL  =  SUMDEL  +  DELOFF 
NOINT   =  NOINT+  1 


MODULO  OFFSET  BY 
ENTRY  CYCLE  LENGTH 


Figure  13.     Routine  TRNPAR  (Continued) 
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COMPUTE  TRANSITION  PARAMETER 

FOR  THIS  SET  OF  INDEPENDENT 

SUBNETWORKS 

XMIN=  SUMDEL/NOINT 


799 


NOW  ADD  TRANSITION  PARAMETER 
TO  ALL  ENTRY  OFFSETS 


I 


INDEX  ON  GROUPS  IN 
SET  OF  INDEPENDENT 
CONTIGUOUS  SUBNETWORKS 


3 


CALL  GETINT 
I,  INTNO 


i 


IJ=  INTNO  0) 


RETRIEVE  CONTROLLERS 
IN  GROUP 


CALL  ENTCYCL 
IJ,  ECYCLE 


RETRIEVE  ENTRY 
CYCLE  LENGTH 


Figure  13.      Routine  TRNPAR  (Continued) 
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RESET  COUNT  OF  NUMBER 
OF  CONTROLLERS  IN  GROUP 

NNI  =  0 


699 


J  =  INDEX  ON  CONTROLLER  LIST 


HAS 
CONTROLLE! 

LIST  BEEN 
EXHAUSTED? 
INTNO  (J)^ 

9 


„YES 


750 


NO 


INCREMENT  CONTROLLER  COUNT 
NNI  =  NNI  +  1 


I 


IJ=  INTNO  (J) 


I 


'CALL  MACA 


IJ,  JB 


RETRIEVE  ENTRY  A,  B, 
C  PHASE  OFFSETS  AND 
CONTROLLER  TYPE 

JB  0)=  A  OFFSET 

JB  (2)=  B  OFFSET 
JB  (3)  =  C  OFFSET 
JB  (4)  =  K3PH 


11 



KKJ  =  INDEX  ON  CONTROLLER 
PHASE 


Figure   13.      Routine  TRNPAR  (Continued) 


215 


n; 


RESET  TEMP  STORAGE 
IEOFF  (KKJ)=  0 


DOES 

C  PHASE 

NOT  EXIST? 

K3PH  =  0  AND 

KKJ=  3 

? 

NO 


YES 


ADD  TRANSITION  PARAMETER 
TO  ENTRY  OFFSET 
EOFF=  JB  (KKJ)  +  XMIN 


I 


CALL  PERI05 


EOFF,  ZE,  ECYCLE,  ECYCLE 


I 


PLACE  IN  TEMP  STORAGE 
IEOFF  (KKJ)=  EOFF 


_  MODULO  BY 
CYCLE  LENGTH 


KKJ  =  KKJ  +  1 


YES 


'AN' 

MORE 

CONTROLLER 

PHASES 

? 

(NO 


Figure   13.      Routine  TRNPAR  (Continued) 
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STORE  INTERVAL  1  AND 
A,  B,  ANDC  PHASE 
ENTRY  OFFSETS 


SET  TRANSITION 
FLAGS  FOR 
CONTROLLERS 
IN  GROUP 


Figure   13.     Routine  TRNPAR  (Concluded) 
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3.8    ROUTINE  LOCAL 

3. 8.  1     Purpose 

Routine  LOCAL  is  the  MICRO  loop  optimization  rodtine.     This  rou- 
tine operates  in  one  of  four  modes  depending  upon  the  ratio  of  the  green 
demand  to  the  green  time  available  at  each  instrumented  controller.     In 
the  saturated  mode,    splits  are  adjusted  in  proportion  to  the  ratio  of  the 
green  demands  on  conflicting  approaches.     In  the  semisaturated  mode, 
both  splits  and  offsets  are  optimized  to  improve  the  progressions  on  links 
approaching  and  departing  each  controller.     In  the  undersaturated  or  over- 
saturated  modes,    no  attempt  is  made  to  adjust  offsets  or  splits.     The  com- 
mands generated  by  Routine  LOCAL  are  a  fine  tuning,    based  on  current 
data,   of  the  signal  patterns   computed  by  the  network  optimization  routine, 
LSTSQS. 

3.  8.  2    Method 

I 

The  Routine  is  entered  at  the  start  of  Interval  1   for  each  instru- 
mented controller.      The  mode  of  operation  depends  upon  the  degree  of 
saturation  relative  to  preset  thresholds.      The  decision  logic  for  determin- 
ing the  mode  of  control  is  shown  in  Table   17. 

In  the  saturated  mode,   A-  and  C- Phase  splits  are  computed  simply 
as  follows: 

GDA 
SPLIT 


A  no. 

of 
phases 


E 

i=i 

GD 


GD. 

i 


SPLIT 


C 


C  no. 

of 


phases 

i=i 


where 

GD.  =  green  demand  on  i"1  phase 
The  green  demand  is  computed  as  follows: 

VOL.  *  CY 


GD.  =  Headway 


— +  Q 

3,600  i 
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where 


Headway  =  Headway  between  vehicles  in  seconds 

VOL.  =  Smoothed  volume  computed  by  Routine   RTNF  for  i 
approach 

CY  =  Current  working  cycle  length 

Q.   =  Smoothed  queue  computed  by  Routine  RTND  for  i 
approach 


th 


th 


In  the  semisaturated  mode,    phase  offsets  are  computed  to  minimize 
delay  on  the  links  approaching  and  departing  the  controller  which  are  asso- 
ciated with  each  phase.      The  offset  optimization  takes  into  account  the 
current  offsets  at  the  controllers  surrounding  the  controller  under  consid- 
eration and  the  current  speeds  and  volumes  of  the  traffic  entering  and 
departing  the  controller  under  consideration.      The  objective  function  giving 
delay  as  a  function  of  controller  offset  is: 


F.  =  1 
J 


y     A.  F. 
i=l      z     ' 


where 


F.  =  Delay  associated  with  j"1  phase 

J*A.\    =  Link  weighting  for  i^1  link  associated  with  y     phase 

J"f.1    =  Delay  assoicated  with  ft1  link  of  j       phase 

The  link  and  node  number  scheme  for  the  j       phase  of  a  controller 
under  consideration  is  shown  in  Figure   14.      (The  controller  under  consid- 
eration is  Number  5  in  this   scheme.  ) 


m 


3D 


(Numbering  Scheme  is  used  for  Each 
Controller  Phase) 

Figure  14.      LOCAL  Intersection  Algorithm  Link  and  Intersection 
Number  Scheme 
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The  elements  of  F.,    i=l,  .  .   ,    8  for  the  j"1  phase  are: 
Fl=Al{Rl+d2-d5f 

2 


where 


F2  =  A2  '      ■    ''   d'    "  ""; 


{R2  +  d5  "  dz} 

{R3  +  d3  "   d5} 

{R4  +  d5  "  d3} 

{R5+dl-d5} 

{R6+d5"dl} 
F?  =  A?  {r?  +  d4  -  d5J 

F8=A8{R8+d5-d4}2 


F3   =  A3   -JP   ,    -!•   4.     -    d,    '""' 


F4  =  A4  i  P.,    -i-  .:!, 


F     =A     |R,+d 


F6=A^  * 


2 


A.  is  as  above 
i 


:th 


R.  is  the  idealized  offset  on  itn  link 
i 

d.  is  the  phase  offset  at  controller  i  which  applies  to  the  links 
associated  with  the  jth  phase  of  Controller  5. 

When  the  derivative  of  the  objective  function  is  taken  with  respect  to 
d5,    the  result  is  set  to  zero,    and  the  expression  is  solved  for  d    ,    the  fol- 
lowing equation  is  the  result. 

1    {aiR,-A2R2+A    R    -A    R    +A    R    -A    R    +A    R    -A    R8| 
d5  =  ~B~    A^ 

E 

i=l 
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This  equation  is  executed  in  Routine  LOCAL  to  determine  the  optimal 
offset  for  each  phase  at  the  controller  under  consideration.     Subroutine 
GOMTRY  is  called  for  each  phase  to  retrieve  the  first  and  second  genera- 
tion links  associated  with  Links   1  through  8  used  in  the  algorithm.      The 
algorithm  is   similar  to  that  used  in  LSTSQS  and  like  the,  LSTSQS  algorithm 
many  local  may  exist.     Unlike  the  LSTSQS  algorithm,    however,    no  attempt 
is  made  in  LOCAL  to  search  for  the  global  minimum  due  to  the  time  crit- 
ical nature  of  the  execution. 

The  order  in  which  the  offsets  are  computed  are  as  follows: 

1)  New  A- Phase  offset 

2)  New  B-Phase  offset 

3)  New  C- Phase  offset   (for  three  phase  controllers) 

After  all  phase  offsets  have  been  obtained  through  the  above  proce- 
dure,   they  are  adjusted  as  follows: 

a)  The  new  A- Phase  offset  is  adjusted  to  insure  that  the 
maximum  or  minimum  cycle  lengths  are  not  violated. 

b)  The  new  B-  and  C- Phase  offsets  are  adjusted  so  that 
minimum  phase  durations  are  not  violated. 

c)  The  new  B-   and  C- Phase  offsets  are  adjusted  to  insure 
that  cycle  failure  will  not  occur  on  any  phase. 

The  net  effect  of  the  adjustments  is  to  insure  that  the  following  con- 
straints are  met: 

a)  The  maximum  cycle  length  is  not  violated. 

b)  The  minimum  cycle  length  is  not  violated. 

c)  The  minimum  phase  durations  are  not  violated. 

d)  The  green  demand  requirements  are  met  for  each  phase. 

The  new  Interval  1  offset  computed  through  the  above  procedure  is 
displayed  as  WRKOF  on  the  intersection  status  display  on  the  CRT. 

A  logic  flow  diagram  of  Routine  LOCAL  is  given  in  Figure   15. 
Definitions  of  all  variable  names  used  in  the  code  are  given  in  Table   18. 

3.  8.  3     Cross  Reference 

Routine  LOCAL  is  called  by  Routine  RTNV  at  the  start  of  Interval  1 
for  each  Critical  Intersection  Controller  if  all  conditions  for  LOCAL  con- 
trol are  met.      These  conditions  are  as  follows: 
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a)  A  new  background  pattern  is  not  being  transferred  from 
RAD  to  core. 

b)  The  controller  is  not  undergoing  a  transition  or  is  not 
in  the  first  cycle  after  transition.  , 

c)  All  detectors  on  each  approach  to  the  controller  are 
functioning  properly. 

d)  The  operator  has  selected  the  controller  for  Critical 
Intersection  Control  (CIC). 

Routine  LOCAL  calls  the  following  Subroutines:    UNPK1,    UNPAK, 
WORK,    LDMOE,   GSPLWL,    TOFAZ1,    GOMTRY,    PERIOD,    GSPLEL, 
SPLPK,   and  PKWRK. 
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(ENTER  ROUTINE 
LOCAL  FROM  RTNV 
ARGUMENTS:    INT, 
DTA,DTB,DTC,|PATH 


I 


QCYCLF  =  0 


'CALL  UNPK1 


i^I,LINK,RTN/ 


TALL  UNPAI 
INT,   RTN1 


I 


CALL  WORK 


INT,  C 


RETRIEVE  APPROACH  LINKS 
&  DURATIONS  OF  AB  PHASE, 
BC  PHASE,  4  ABC  PHASE 


RETRIEVE  CONTROLLER 
TYPE&  DURATION  OF 
FIXED  INTERVALS  IN 
EACH  PHASE 


RETRIEVE  CURRENT 
WORKING  OFFSETS 


SMATA  =  SUMA  +  SMTA 
SMATB  *  SUMB  +  SMTB 
SMATC  =  SUMC  +  SMTC 


SMATA  ■  SMACBC 

+  SMTA 


FORM  SUM  OF  FIXED 
INTERVALS  AND  ALL 
RED  CLEARANCE 
INTERVALS  AT  END 
OF  EACH  PHASE 


SMATB  =  SMACBC 
+  SMTB 


^  i  ^ 


CONS1  =  HEADWY  *CYNOW 
CONS!  -  CONS1/2 


Figure  15.     Routine  LOCAL 
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VPH  (ILN)=0 
Q(ILN)=0 


IL=  LINK(ILN  ) 


T 


CALL  LDMOE 


IL,  B 


VPH(ILN)  =  V0L 
Q(ILN  )=QBAR 


ILN=  ILN+  1 


RETRIEVE  VOLUME 
—  QUEUE  FOR 

APPROACH  LINKS 


Figure   15.     Routine  LOCAL  (Continued) 
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=  0 


GDA*  (VPH(1)#  C<Z5NST)/^600  + HEADY  •Q(1) 

-  i- 


TEMP*  (VPHC2)*C0NS1)/&OO+  HEADY*Q(2) 


GDB-  fVPHf3)*CONSn/3600+  HEADY*Q(3) 


TEMP  =  (VPH(4H:6NSl)/3©00  +  HEADY*Q(4) 


DETERMINE 
CRITICAL 
A- PHASE 
GREEN 
DEMAND 


_  J 


DETERMINE 
B- PHASE 
GREEN 
DEMAND 


Figure  15.     Routine  LOCAL  (Continued) 
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GDC-  (VPH(5)*CONS1)/5600+HEADWY*Q(5) 


TEMP  =  (VPH(6)*CONS1)/3600  +  HEADWY*Q(M 


CALL  GSPtWL 
INT,  SPLITW,  SPLT2W/ 


—  „n 


'    \>GDC 

TEMP  ^s. 

GDC  =  TEMP 

O            s' 

N^-^GDC 

( 

DETERMINE 
CRITICAL 
C- PHASE 
GREEN 
DEMAND 


I 

RETRIEVE 
-  WORKING 
SPLITS 


DETERMINE 

CONTROLLER 

TYPE 


Figure  15.     Routine  LOCAL  (Continued) 
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0 


DETERMINE  MODE  OF 
LOCAL  CONTROL  FOR 
TWO  PHASE  CONTROLLER 


<  SATTHl    ^^ 

-        (W). 


> SATTHL 
I    <SATTHH 


GAB  =  CYNOW-SUMT    . 
GA    *  GAB*SPLITW/1000 
GB    =  GAB-GA 


TESTA  =  GDA*1000/GA 
TESTB-  GDB*1000/GB 


BOTH<SPLCHT 


R12»  GAMIN 
R13=  GBMIN 


ACTIVE  MODE 
-(USE  ENTRY 
SPLIT  *  OFFSET) 


DETERMINE 
CURRENT  PHASE 
DURATIONS 


DETERMINE 

PHASE  SATURATION 

LEVELS 


OFFSET 
OPTIMIZATION 

MODE 


SPLIT  CHANGE 

MODE 

FOR  TWO  PHASE 

CONTROLLERS 


CALL  TOFAZT 


,GAB,GDB,GDA,  R12,R13 


APPORTION  SPLIT 
ACCORDING  TO  DEMAND 
SUBJECT  TO  CONSTRAINTS 
OF  MINIMUM   PHASE 
DURATIONS 


GA=  R12 
GB  =  R13 


COMPUTE  NEW 
PHASE  DURATIONS 


Figure  15.     Routine  LOCAL  (Continued) 
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DETERMINE  MODE  OF 
LOCAL  CONTROL  FOR 
THREE  PHASE  CONTROLLERS 


STEST  -  (GDA  +  GDB  +  GDC  )  •  1000/GABC 


<:SATTHL 
>SATTHH 


SSATTHL 
<  SATTHH 


GA*  GABC*SPLfTW/IOOO 
GC  *  GABC*SPUW2/!000 
GB  =*  GABC-GA-GC 


ACTIVE  MODE 

500  ) (USE  ENTRY 

SPLIT  &  OFFSET) 


DETERMINE  CURRENT 
PHASE  DURATIONS 


TESTA  =*  GDA*1000/GA 
TESTB  =»  GDB*1000/GB 
TESTC  =»  GDC»1000/GC 


DETERMINE  PHASE 
SATURATION  LEVELS 


OFFSET 

OPTIMIZATION 

MODE 


SPLIT  CHANGE  MODE 
FOR  THREE  PHASE 
CONTROLLERS 


Figure  15.     Routine  LOCAL  (Continued) 
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SPLIT  CHANGE  MODE 

FOR  THREE  PHASE  CONTROLLERS 


R9    »  GABC 

RIO  =  GAMIN 

R12  =  GCMIN 

R11  =  GBMIN 

R13  =  GDA 

R14  =  GDB 

R15  =  GDC 

R13  =  GDA+GDB+GDC 

R15  =  GDC*GABCA13 


GC 

=*  R75 

R9 

»  GABC-R15 

R12 

=  GAMfN 

R13 

»  GBMIN 

RIO 

=  GDB 

Rll 

»  GDA 

GC  -  R13 
GA  =  GCMIN 
GB  =   GBMIN 


? 


APPORTION 

A  AND  B  PHASE 
ACCORDING  TO 
DEMAND  SUBJECT 
TO  CONSTRAINTS 
OF  MINIMUM  PHASE 
DURATIONS 


CALL  T0FAZ1 


£9,   RIO,   RTJ,   Rl?,   R13 

uzr ' 


GA  =  R12 
GB  =  R13 


1 


COMPUTE  NEW 
-  -  PHASE 
-^-        DURATIONS 


Figure  15.     Routine  LOCAL  (Continued) 
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*^130) 


DETERMINE  MODE  OF  CONTROL 
FOR  A,  C  PHASE  OVERLAP  TYPE 
CONTROLLER 


STEST    =  (GDA+GDB)*1000/GAB 
STEST2  =  (GDC+GDB)*1000/GBC 


<  SATTHL 
SATTHH  /£-N 

>  SATTHL 

<  SATTHH 


ACTIVE  MODE 
(USE  ENTRY  SPLIT 
&OFFSET) 


GABC 

= 

CYNOW-SUMT 

GAC 

= 

SPUTW*GABC/1000 

GB 

s 

GABC- GAC 

AVAR 

= 

GAC-SMACBC 

AVRMN 

= 

GAMIN- SUMA 

SUMCC 

« 

SUMC-AVRMN 

GA 

= 

SUMA+AVAR 

GC 

3 

SUMCC+AVAR 

DETERMINE  CURRENT 

CURRENT 

PHASE 

DURATIONS 


TESTA  =  GDA#1000/GA 
TESTB   -  GDB*1000/GB 
TESTC  =  GDC*1000/GC 


ALL<SPLCHT 


ANY>SPLCH 
22) 


DETERMINE 

SATURATION 

LEVELS 


©OFFSET 
OPTIMIZATION 
MODE 


Figure   15.     Routine  LOCAL  (Continued) 
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0 


I  PATH  «  0 


T 


R12  =  GAMIN 
R13  =  GBMIN 


SPLIT  CHANGE  MODE 
•FOR  AC  OVERLAP 
CONTROLLERS 


CALL  TOFAZ1 


GAB,GDB,GDA,R12,R13 


GA-  R12 
GB  =  R13 
R13  =  GBMIN 
R12  =  GCMIN 


APPORTION  A&B  PHASE 

SPLIT  ACCORDING  TO 

DEMAND  SUBJECT  TO 
MINIMUM  PHASE 
DURATIONS 


CALL  TOFAZ1 


GBC,  GDB,  GDC,  R12, 


w 


>GB 


1 


R13=  GB 
1 


GB      =  R13 
GA     =  GAB-GB 
GAC  =  GABC-GB 


APPORTION  B&C   PHASE 
SPLIT  ACCORDING 
TO  DEMAND  SUBJECT 
TO  MINIMUM  PHASE 
DURATIONS 


COMPUTE  NEW  PHASE 
DURATIONS 


Figure  15.     Routine  LOCAL  (Continued) 


235 


DETERMIKTFMODE  OF  CONTROL 
FOR  BC  OVERLAP  CONTROLLERS 


STEST    =  (GDA+GDB)*1000/GAB 
STEST2  =  (GDA+GDC)*1000/GBC 


> STEST 


*  STEST 


X 


STEST =  STEST2 
T 


<  SATTHL 
>SATTHH 


*  SATTHL 

*  SATTHH 


-(500) 


GABC 

*  CYNOW-SUMT 

GA 

*  SPLITW*G  ABC/1 000 

GAC 

*  GBC 

GBC 

-  GABC-GA 

BVAR 

58  GBC-SMACBC 

BVRMN 

*  GBMIN-SUMB 

SUMCC 

*  SUMC-BVRMN 

GC 

-  SUMCC+BVAR 

GBC 

-  GAC 

GB 

*  BVAR+SUMB 

ACTIVE 
MODE 
(USE  ENTRY 
SPLIT  &  OFFSET) 


DETERMINE 
CURRENT 
PHASE 
DURATIONS 


TESTA 
TESTB 
TESTC 


(GDA*1000)/GA 

(GDBn000/GB 

(GDC*1000)/GC 


DETERMINE 

PHASE  SATURATION 

LEVELS 


OFFSET 

OPTIMIZATION 

MODE 


Figure   15.     Routine  LOCAL  (Continued) 
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© 


SPLIT  CHANGE  MODE  FOR 

BC  OVttLAP  TYPE  CONTROLLERS 


I  PATH  *  0 


R12  =  GBMIN 
R13  =  GAMIN 


CALL  TOFAZ1 


GAB,  GDA,  GDB,  R12,  R13v 


GB  *  R12 
GA  -  R13 
R13  »  GAMIN 
R12  =  GCMIN 


APPORTION  A&B  PHASE 
SPLIT  ACCORDING  TO 
DEMAND  SUBJECT  TO 
MINIMUM  PHASE 
DURATIONS 


CALL  TOFAZ1 


VGBC,  GDA,  GDC,  RJ2,  R13 


R12=  GA 


<_GA 


R12 

GAB-GA 

GABC-GA 


i 


R12=*  R13 

=ZJ 


APPORTION  A&C  PHASE 
SPLIT  ACCORDING  TO 
DEMAND  SUBJECT  TO 
MIMIMUM  PHASE 
DURATIONS 


COMPUTE  NEW  PHASE 

DURATIONS 


SET  CYCLE 
LENGTH  TO 
CURRENT 
WORKING 
CYCLE  LENGTH 
FOR  NORMAL 
SPLIT  CHANGE 
MODE 


QCYCLE  =  CYNOW 


Figure  15.     Routine  LOCAL  (Continued) 
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OFFSET  OPTIMIZATION 
MODE 


I  PATH  =  1 

~T~ 


FAZE  =  1 


) 


_  . set  flag  for  a  phase 

"offset 


CALL  GOMTRY 


,IM/  £AZI/  W,  R,   LNKAGE 

I 


RETRIEVE  A  PHASE 
LINK  WEIGHTS  & 
IDEALIZED 
0FFSETS 


NUM  =  Y/(1)*R0)-W(2)*R(2)+W(3)*R(3)-W(4)*R(4) 
+  W(5)*R(5)-W(5)#R^)+W^)*R^)-W(8)#R(8) 


I 


DENOM  =  ®    W(  i  ) 
1  =  1 


I 


DQffF'  NUM/DENOM 

CALL  PERIOD 

D0FF,  O,  CYN0W,  CYN0W 


>.5*CYN0W 


COMPUTE  OPTIMAL  DELTA 
OFFSET  FOR  A  PHASE 

LIMIT  TO  CURRENT  CYCLE 
CYCLE  LENGTH 


<.5*CYN<2W 


DOFF=  DOFF-CYNOW 


DOFMAX=  CYN0W*AEXT/1OO 
DOFMIN  =  CYN0W*AEXT/1OO 


CONSTRAIN  TO 
PERCENT  OF  CYCLE 


DOFF=  DOFMIN 


<  DOFMIN 


Figure  15.      Routine  LOCAL  (Continued) 
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QCYCLE  =  DOFF  +  CYNOW 


COMPUTE  ENSUING 
CYCLE  DURATION 


<TKMIN  +  5 


I 


£  TKMIN  +5 


(QCYCLE  =  TKMIN  +  5\ INSURE 


AOFNEW  =  AOFF  +  QCYCLE 

S 

/                  CALL  PERIOD                  \ 

\AOFNEW,  O,  CYNOW,  CYNOW/ 

COMPUTE  NEW 

OFFSET 


MINIMUM 
CYCLE  NOT 
VIOLATED 


i 


FAZE  =  2 

ZEZ 


„  MODULO  TO  CURRENT 
CYCLE  LENGTH 


SET  FAZE  CODE 
FOR  B-PHASE 


CALL  GOMTRY 


VINT,  FAZE,  W,  R,  LNKAGE, 


RETRIEVE  B-PHASE 
LINK  DATA 


NO  B-PHASE  LINKAGE 
TO  COMPUTE  OFFSET 


NUM=  W(1)*R(1)-W(2)*R(2)+W(3)*R(3)-W(4)*R(4) 
+W(5)*R(5)-W(6)*R(6)+W(7)*Rp)-W(8)*R(B) 


[do 


DOFF  =  NUM/DENOM 


COMPUTE  OPTIMAL 
DELTA  OFFSET  FOR 
B-PHASE 


Figure  15.      Routine  LOCAL  (Continued) 
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CALL  PERIOD 


DOFF,  O,  CYNOW,  CYNOW, 


DOFF  =  DOFMIN 


CYNOW/2 


£  CYNOW/2 


DOFF  =   DOFF 
-  CYNOW 


'  :R    '^^DOFF^  >DOFMAX 


^  DOFMAX 
>  DOFMIN 


DOFF  =   DOFMAX 


BOFNEW  =  BOFF 

-  DOFF 

»=1--| 

\?^ 

>         »-| 

?0OR/ 


GABC  =  QCYCLE  -  SUMT 
GA       -   BOFNEW  -  AOFF 


ga\I^ 

GA  = 

GA  +  CYNOW 

Jl=  ° 

>  GDB 

GB  = 
GA  = 

GDB 
GABC  • 

-  GB 

Figure   15.     Routine  LOCAL  (Continued) 
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GABC  »  QCYCLE  -  SUMT 
GAC  =  BOFNEW  -  AOFF 


<  0 


GAC  -  BOFNEW  -  COFF 
1 


<  0 


GAC  =  GAC  +  CYNOW 


GAC  =  GAC  -  SMTA 
GB      =  GABC  -  GAC 


>GDB 


<  GDB 


GB  =  GDB 


! 

RATIO  =   ((QCYCLE  -  SUMT)  *  8)/(CYNOW  - 

■  SUMT) 

GAB      =  GAB  *  RATIO/8 

GBC     =  GBC  *  RATIO/8 

GA        =  GAB  -  GB 

GC        =  GBC  -  GB 

^.  4\  <  GDA 

GA     ^s         »- 

GA  * 

GDA 

?  y^ 

V'*  GDA 

GC 


<  GDC 


*  GDC 


GC  =  GDC 
1 


Figure   15.     Routine  LOCAL  (Continued) 
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VARA  -  GA  -  SUMA 
VARC  -  GC  -  SUMC 


>  VARA 


VARC  *  VARA 


s  VARA 


GDAC  -  SMACBC  +  VARA 


*GAC 


*  GDAC 


>  GDAC 


GAC  -  GDAC 

GB     -  GABC  -  GAC 


G 

4 

*\*  GDB 

GB     *  GDB 

.  GB 

?/" 

GAC  -  GABC  - 

>  GDB 

x 

[55 


Figure  15.     Routine  LOCAL  (Continued) 
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GA 

=  GA- 

SMTA 

RATIO 

=  ((QCYCLE  -  SUMT)  < 

k  8)/CYNOW  - 

■  SUMT) 

GAB 

=  GAB 

•RATIO/8 

GBC 

=  GBC 

•  RATIO/8 

<0 


GA=  GA  +  CYNOW 


<GDA 


GA=  GDA 


GDA 


GB  =  GAB  -  GA 
GC  =  GBC  -  GB 


Figure  15.      Routine  LOCAL  (Continued) 
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<GDB 


GB=  GDB 


<  GDC 


GC  =  GDC 


a  GDC 


VARB  =  GB  -  SUMB 
VARC  *  GC  -  SUMC 


>  VARB 


-^- 


VARB  =  VARC 


£  VARB 


GDBC  =  VARB  +  SMACBC 


ga\    ^gda 

GA    =  GDA 
GBC  =  GABC  ■ 

-  GA 

Y  >  GDA 

GRr\      *  GDBC^ 

GBC  =  GDBC 
GA    =  GABC  - 

GBC 

1^  >GDBC 

Figure   15.     Routine  LOCAL  (Continued) 
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FAZE»  3 


FIND  OPTIMAL  C-PHASE 
OFFSET  FOR  K3PH  -  1 
TYPE  CONTROLLERS 


CALL  GOMTRY 


INT,  FAZE,  W,  R,  LNKAGE 


*  0 


J  450 


NUM  =  W(1)*R0)-W(2)*R(2)+W(3)*R@)-W(4)*R(4) 
+  W(5)*R$)-W(6)*Rfc)+W?)*R?)-W@)*R(8) 


I 


8 

DENOM=   £W(l) 
1=1 
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DOFF*  NUM/DENOM 


CALL  PERIOD 


DOFF,  O,  CYNOW,  CYNOW 


*  CYNOW/2 


DOFF  =  DOFF 
- CYNOW 


<  DOFMIN 


DOFMAX 


DOFF=  DOFMIN 


s  DOFMIN 

DOFF  =  DOFMAX 

• 

*  DOFMAX 

1 

1 

COFNEW=  COFF-  DOFF 

Figure   15.     Routine  LOCAL  (Continued) 
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GA  =  BOf  NEW  -  AOFF  -  SMTA 


GA  =  COFNEW  -  AOFF  -  SMTA 




BOFNEW  =  GA  +  SMTA  +  AOFF 
GB  =  COFNEW  -  BOFNEW  -  SMTB 


GB=  GB  +  CYNOW 


COFNEW  =  GA  +  SMTA  +  AOFF 
GC  =  BOFNEW  -  COFNEW  -  SMTC 


;>  0         GC  =  GC  +  CYNOW 


Figure  15.     Routine  LOCAL  (Continued' 
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COFNEW  s  BOFNEW  +  GB  +  SMTB 
GC  =  AOFNEW  -  COFNEW  -  SMTC 


*  0 


>  0 


GC  =  GC  +  CYNOW 


<GDC 


*  GDC 


1 


GC=  GDC 


BOFNEW  =  COFNEW  +  GC  +  SMTC 
GB  =  AOFNEW  -  BOFNEW  -  SMTB 


GB  =  GB  +  CYNOW 


*  GDB 


>GDB 


GB=  GDB 


Figure  15.     Routine  LOCAL  (Continued) 
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APPORTION  SPLIT  ACCORDING 
TO  GREEN  DEMAND  FOR 
ARTERIAL  CONTROLLERS 


RATIO  -  (8*(QCYCLE-SUMT))/(CYNOW-SUMT) 
GAB     =  GAB*RATIO/8 
GABC  =  GABC*RATIO/8 
GBC     =  GBC*RATIO/8 


SCALE  PHASING 
DATA  FOR 
ENSUING  CYCLE 


Figure   15.     Routine  LOCAL  (Continued) 
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^~G 


GA  =  BOFNEW  -  AOFF  -  SMTA 


GA  =  GA  +  CYNOW 


<GDA 


GA=  GDA 


*GDA 


BOFNEW  =  AOFF  +  GA  +  SMTA 


<  CYNOW 


BOFNEW  =  BOFNEW  -  CYNOW 


*  CYNOW 

m 


GABC 

=  QCYCLE  -  SUMT 

GBC 

=  GABC  -  GA 

GDBC 

=  GDB  +  GDC 

GB 

=  GDB  *  GBC  *  8/GDBC 

GB 

=  GB/8 

GC 

=  GBC  -  GB 

COFNEW 

=  BOFNEW  +  GB  +  SMTB 

'           ^S> CYNOW 

COFNEW  = 

•■  COFNEW 

^    ?     / 

- CYNOW 

\*/s  CYNOW 

Figure  15.     Routine  LOCAL  (Continued) 
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GB  =  GB  +  CYNOW 


GB      ^s<  GDB 

riR  - 

/~r\o 

?      y^ 

V">GDB 

UD          \JVJ\l 

GABC 

=  QCYCLE  -  SUMT 

GAC 

=  GABC  -  GB 

GDAC 

=  GDA  +  GDC 

GA 

=  GDA  *  8  *  GAC/GDAC 

GA 

=  GA/8 

GC 

=  GAC -  GA 

COFNEW 

=  AOFF  +  GA  +  SMTA 

COFNEW\     >  CYNOW 


COFNEW  =  COFNEW  -  CYNOW 


<  CYNOW 


BOFNEW  =  COFNEW  +  GC  +  SMTC 


BOFNEW\,    >CYNOW^ 
? 

' < CYNOW 


BOFNEW  =  BOFNEW  -  CYNOW 


5501 
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SET'  FLAG  FOR 
ACTIVE  MODE 


RETRIEVE 

ENTRY 

SPLIT 


*  0 


GAB=  CYNOW-  SUMT 
GA    =  SPLIT*  GAB/1000 
GB    =  GAB-  GA 


GABC 

=  CYNOW  -  SUMT 

GA 

=  SPLIT  • 

GABC/1 000 

GC 

=  SPLIT2 

*G  ABC/1 000 

GB 

=  GABC 

-  GA  -  GC 

Figure  15.     Routine  LOCAL  (Continued) 
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GABC  =  CYNOW  -  SUMT 
GAC    =  SPLIT  *  GABC/1 000 
GB       =  GABC  -  GAC 


GABC  =  CYNOW  -  SUMT 
GA      =  SPLIT  •  GABC/1 000 
GBC     =  GABC  -  GA 


Figure  15.      Routine  LOCAL  (Continued! 
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GABMIN  =  GAMIN  +  GBMIN 
GABP       =  GA  +  GB 


<  GABMIN 


GA=  GAMIN 
GB  =  GBMIN 
GC  =  GABC  -  GABP 
1 


GABMIN 
>  GCMIN 


GCMIN 


GC      =  GCMIN 
GABP=  GABC  -  GC 
GB      =  GABP  -  GA 


GAMIN 


<  GAMIN 


GA=  GAMIN 
GB  =  GABP  -  GA 


*  GBMIN 


<  GBMIN 


GB  =  GBMIN 
GA  =  GABP  -  GB 
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GA=  GAMIN 
GB  =  GABC  -  GA 


GB       ^GBMIN 


*GBMIN 


GB  =  GBMIN 
GA  =  GABC  -  GA 


VARA     = 

GA- 

-  SUMA 

VARB      = 

GA- 

■ SUMB 

SPLITW  = 

GA1 

►  1 OOO/GABC 

SPLT2W  = 

0 

1 


CALL  SPLPKL 


INT,  SPUJ,  SPLT2W 

T 


(  600  j 
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VARA 

=  GA- 

-  SUMA 

VARB 

=  GB- 

SUMB 

VARC 

=  GC- 

-  SUMC 

SPLITW 

=  GA* 

►  1000/GABC 

SPLT2W 

=  GC 

k  1000/GABC 

CALL  SPLPKL 


INT,  SPLITW,  SPLT2W 
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GBM1N 
GBMIN 


GB     -  GBMIN 
GAC  =  GABC  -  GBJ 


AVARM     =  GAMIN  -  SUMA 
GACMIN  =  AVARMN  +  SMACBC 


^GCMIN 


<  GCMIN 


GAC=  GACMIN 
GB     =  GABC  -  GAC 


VARA     = 

GAC  -  SMACBC 

VARB      = 

GB  -  SUMB 

SPLITW  = 

GAC  *  1000/GABC 

SPLT2W  = 

GB*  1000/GABC 

I 


CALL  SPLPKL 


,INT,  SPLITW,  SPLT2W 


If 
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\<  GAMIN 

GA    = 

GAMIN 

GBC  =  GABC  -  GA 

>  GAMIN 

BVARMN  =  GBMIN  -  SUMB 
GBCMIN  =  BVARMN  +  SMACBC 


GBC  ^GBCMIN 

GBC  = 

GBCMI N 

?    y^ 

GA    =  GABC  -  GBC 

X^^SGBCMIN 

VARA     = 

GA- 

SUMA 

VARB      = 

GBC 

-  SMACBC 

SPLITW  = 

GA* 

1000/GABC 

SPLT2W  = 

GBC 

*  1000/GABC 

I 


CALL  SPLPKL 


INT,  SPLITW,  SPLT2W 
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*0 


DTA    =  VARA  +  SMATA 
DTB     -  VARB  +  SMATB 
BOFF  =■  AOFF  +  DTA 


W\>CYNOW 

D/^\CC  —    BACC 

1 

BUrr  -  BOrr  -  v-  t  jn  ^yv 

Sr<CYNOW 

AOFF  =  BOFF  +  DTB 


w  CYNONV 

AOFF  =  AOFF 

- CYNOW 

^v  ?  ^^ 

^Y<CYNOW 

DTA  =  VARA  +  SMATA 
DTB  =  VARB  +  SMATB 
DTC  =  VARC  +  SMATC 
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BOFF  -  AOFF  ♦  DTA 


>CYNOW 


COFF  -  AOFF  +  DTA 


BOFF* 

BOFF  -  CYNOW 


sCYNOW 


COFF=BOFF+DTB 


>CYNOW 


COFF  =  COFF 
- CYNOW 


BOFF  ■  COFF  +  DTC 


s CYNOW 


COFF  = 

COFF  -  CYNOW 

_j 


AOFF  ■  COFF  +  DTC 


BOFF  ■  BOFF 
-  CYNOW 
J 


AOFF  s  BOFF  +  DTB 


> CYNOW 


AOFF  = 

AOFF  -  CYNOW 


* CYNOW 


L 


s^CYNOW  

AOFF   ^S »J  AOFF  -  AOFF 

?     >^  -  CYNOW 
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*2 


630 


DTA  =  VARA  +  SMATA 
DTB  =  VARB  +  SMATB 


;>0 


BOFF  =  AOFF  +  DTA 


BOFF  =  COFF  +  DTA 


*  CYNOW 


BOFF=  BOFF 
- CYNOW 


<CYNOW 
«s 


X\*  CYNOW 
BOFFN.          ^ 

BOFF 

=  BOFF 

.    T^S 

-CYNC 

l< CYNOW 

AOFF=  BOFF+  DTB 


^CYNOW 
AOFF   ^> ► 

? 


COFF  =  BOFF  +  DTB 


AOFF  =  AOFF 
- CYNOW 


^X?  CYNOW 
off\           ^ 

COFF  = 

=  COFF 

?/ 

- CYNOW 

\<  CYNOW 

AOFF  =  COFF  -  DEL 


COFF  =  COFF 
-CYNOW 

I 


AOFF^ *»- 


AOFF  =  AOFF 
- CYNOW 


Figure   15.     Routine  LOCAL  (Continued) 


261 


*3 


W800 


DTA  =  VARA  +  SMATA 
DTB  =  VARB  +  SMATB 


<  0 


COFF  =  AOFF  +  DTA 


*  CYNOW 

*— 


COFF=  COFF 
- CYNOW 


BOFF  =  COFF  +  DEL 


* CYNOW 

41i — __ — ^ 


BOFF*  BOFF 
- CYNOW 


< CYNOW 

og 


AOFF  =  COFF  +  DTB 


800 


CALL  PKWRkX 
1NT,C  / 


i 


/"return  TO^V 

V^RTNV  J 


BOFF  =  AOFF  +  DTA 


BOFF  =  BOFF 
-  CYNOW 


COFF=  BOFF+  DEL 


AOFF  =  BOFF  +  DTB 


<CYNOW 
aoffV       » 
? 

'<  CYNOW 


AOFF  =  AOFF 
-  CYNOW 


Figure  15.     Routine  LOCAL  (Concluded) 
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